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section to my research design explaining my fundamental values by discussing relevant
conceptual frameworks and relating these to the Bioenergy-Villages approach in the
backdrop of 21st century’ problems.
Moreover, I would like to contextualize how also my work and eventually research
design was impacted by the COVID-19 pandemic coming about contemporaneously.
On March 13th, 2020 alongside with other measures the Danish government decided
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educational institutions and also (most) Danish companies had to change to work from
home. Regarding the process of my Master thesis the main influence of COVID-19
that I could not partially work from Aalborg CSP thus missing out input and feedback
from my colleagues - which was to a great extent the reason why I decided to conduct
the research on my Master thesis alone and not as a group work. My original idea of
the research design was to, first, generally conduct a meta-analysis of the BED in order
to then focus on two or three subjects with a high potential in order to scrutinizing
the specific possibility of solar district heating in these villages by the means of an
energy system model. However, the impact of COVID-19 regulations prevented me
from conducting in situ interviews focusing on respective BED with a high potential.
Therefore, I had to change my research design focusing on studying the circumventing
barriers that hinder Bioenergy-Villages from adopting Solar District Heating a part
of a solution to their individual energy transitions. Further, delimitations as well as
limitations will be explained course of this report.

Aalborg, 4th June 2020
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Executive Summary

The problem addressed of my master-thesis is Germany’s heating transition. In par-
ticular, the techno-economical potential and barriers on a social and organisational
level hindering the use of solar thermal systems’ (STS) potential being employed in
district heating (DH) sector of Germany’s Bioenergy-Villages (BED - "Bioenergiedör-
fer"). Also Germany’s heating sector, that today has a low share of DH and STS,
requires to transition its supply towards renewable energy sources (RES) - and thus
likely also Solar District Heating (SDH). It is recommended for Germany and partic-
ularly her rural rural areas to raise the solar thermal fraction due to environmental
and economical considerations. Germany’s BED movement represents the rural energy
transition movement and was selected as a research subject. The BED district heating
systems are fueled on domestic limited biomass (BM) and biogas resources and also
often organize their RES technology differently in terms of ownership and decision-
making, compared with the old fossil-fueled centralized energy system. The problem
on how particularly the solar thermal fraction of Bioenergy-Villages can be raised was
tackled by the conduction of a three-fold analysis based on a methodological approach,
comprising also own methods of (M1) literature review, (M2.1) Multi-Criteria-Analysis
(MCA), (M2.2) techno-economical demand side calculation, (M3) GIS-based biomass
potential analysis and (M4) semi-structured interviews on social-organisational barri-
ers. The approach resulted in two groups of BED comprising a high potential for SDH
due to technological supply side specifications and a total of 74 villages fulfilling the
minimum heat demand criteria representing a potential of about 238,000 m2 equivalent
to a base capital price of 121 M e . Three types of BM residue energy potentials in
a circumference of 50 km of each BED were conducted. The BED, particularly ones
with low local BM are advised to bear the indicative criterion of a locally limited BM
resources in mind when planning their individual RES systems. The method’s calcu-
lation can be improved and should flow into the MCA and GIS-based energy planning
tools. At this stage, an in-depth analysis of BED systems comprising a high potentials
and also low BM potentials is recommendable. As SDH technology found being mature
for implementation, the limiting barriers lie within the BED: e.g. SDH being widely
unknown in Germany, what can be overcome with excursions. For implementation
of RES/SDH projects the support of a maker in each BED is required. There is a
tendency of the BED’s location, rather than its legal form being decisive for BED to
pick a SDH system. Funding-programs of 2020 seem to be suitable, but should have an
upper and lower limit. Two potential policies could be derived: (i) "funding corridor"
and (ii) assigning municipalities to keep free land areas.
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1 | Introduction

An energy transition world-wide is required as a main means to avoiding tremendous damages
due to our own species’ activity on our and other species’ habitat - Planet Earth. In order
to fight the climate change crisis and to dampen Holocene extinction, also referred to as the
sixth mass extinction that is under way today, it is required to design completely new energy
systems based on renewable energy sources (RES). The great majority of scientist scholars are
clearly warning humanity of the foreseeable threat and demand changes right now in order to
avoid a total climate and species extinction breakdown. In the opinion of many scholars and
scientists world-wide, the energy sector is seen as the core of any existent modern societies, thus
also being the core that requires a re-design - on a technological (RES based), but also on a
socio-organisational in terms of establishing a citizen-run democratic energy system. The case
of Germany is regarded "as an international showcase for the transition of a large industrialized
economy to a low-carbon energy system" [Rommel et al., 2018, p.1] coming from an energy
system totally based on fossil fuels and nuclear energy and shifting slowly towards a RES
system. This and no less is what the Paris Pledge and the Climate Agreement from December,
2015 are about: the decarbonization of the world’s economy and keeping temperature rise below
2C. [COP21]

1.1 Germany’s Energiewende and citizen participation

Germany’s energy transition ("Energiewende") is aiming at a long-term structural change of
the energy system, not just on a mere technological level, but also on an organisational level.
In 2013, 47% (34 Giga-Watt (GW) out of 73 GW) of Germany’s installed energy conversion
or generating capacity to harvest energy from RES was owned by the citizens - thus being
almost four times as high as the share (9 GW) of the big utility companies in RES capacities
in 2013.[trend:research/Leuphana and Lüneburg, 2013] From this context emerged various new
business and participation models ranging from traditional market-centered forms to new forms
embracing citizen participation summarized under the term citizen energy ("Bürgerenergie").

1



CHAPTER 1. INTRODUCTION 2

1.1.1 Transition of Germany’s heating sector

The energy transition, in Germany as everywhere else, is required to take place in three different
sectors of energy usage that are namely (i) electricity, (ii) mobility and (iii) heating and cool-
ing. The latter has received surprisingly little attention so far - though the energy consumption
of heating and cooling represents almost 50% of the European Union’s primary energy usage
[Rämä and Mohammadi, 2017]. Thermal energy generation (which encompasses both heating
and cooling) is a significant source of carbon dioxide emissions due to it primarily being reliant
on the burning of fossil fuels. Generally, district heating (DH) is not commonly used in Ger-
many, and when it is used, RES does not make up a large share of the consumed energy. In
2015, in Germany the total RES in heating share in DH was at 9% [Schulz, 2016, Paardekooper
et al., 2018] - whereas in Denmark it was at 48% [Schulz, 2016]. Key for the heating transition
is the development of the so-called fourth generation of district heating networks. This implies
long-term infrastructure planning with new features such as low temperature heat distribution,
improved utilisation of excess energy of industries and, most importantly RES based technol-
ogy. [Lund et al., 2014] So far, the base load in traditional DH systems is covered by combined
heat and power (CHP) plants that are run on "natural gas" (henceforth "fossil gas"). To limit
the carbon emissions of a CHP plant, the fossil gas must be replaced by a RES. The different
RES’ characteristics lead to more complex DH systems due to their the local variation and fluc-
tuations in energy generation due to weather dependency. As a consequence to this, thermal
heat storage (TES) and smart control systems need to be taken into consideration in order to
manage and match heat supply and demand. [Rämä and Mohammadi, 2017, Carpaneto et al.,
2015] This is why technologies such as Solar Thermal Systems (STS) , CHP and geothermal
have been present in the public policy discussion, since they are promising to reduce CO2 dras-
tically. In 2016, this discussion peaked in a "heating and cooling strategy"[European Comission,
2016] by the European Union that is viewed as an approach to address the challenges addressed
by the COP21 in Paris 2015 .

1.1.2 Biomass and solar thermal in Germany heating

The German authority for re-growing biomass resources FNR ("Fachagentur für nachwach-
sende Rohstoffe") estimates that Germany’s domestic biomass (BM) will have the potential to
cover 26% (or 1,819 Peta Joule) of the country‘s overall energy demand by 2050, assuming
all three energy sectors experience a drastic energy reduction [Fachagentur für nachwachsende
Rohstoffe, 2016]. Even though the relative efficiency - also referred to as ’energy harvesting
potential (kWh/m2*a)’ - of biomass is determined to be approximately 50 times lower than that
of solar collectors [Sørensen et al., 2012], solar thermal collectors are hardly used in Germany.
In Germany, of the different RES used for heating water, solar thermal energy represented
4.8% in 2019 while BM account for approximately two-thirds. [Umweltbundesamt, 2020]. A
study on Germany’s heating transition concludes that reaching 14% (equal to 100 TWhth) of
role-out of solar thermal is a feasible scenario for Germany within the next 25 to 35 years
[Kunz and Kirrmann, 2016, p. 30]. Also taking area-intensive electricity generation by solar
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photovoltaics into consideration, open areas and roof tops will not be the limiting factor for
the solar thermal heating fraction in Germany to reach the 14% goals [Kunz and Kirrmann,
2016, p. 24]. Solar collectors have been gaining more attention during the past years, being
viewed as a key technology for potentially providing a base-supply of energy[Lund et al., 2014],
mainly due to two reasons: (I) a decrease in the investment costs and (II) an increase of the
price of conventional fossil fuels.[Rämä and Mohammadi, 2017] Operating solar collectors on a
larger scale and combining it with DH is called Solar District Heating (SDH). Germany’s adja-
cent country of Denmark has a lower irradiance potential than Germany, but 80% of Europe’s
installed capacity of SDH over the past 15 years is located there. For instance, there is SDH
in Marstal, Denmark, where 55% of the heat demand is supplied by 3,300 m2 [Co2mmunity,
2019]. Today, the fact that dozens of SDH facilities are operational and the existence of detailed
guidelines show that SDH can be operated feasibly in central Europe. [Sørensen et al., 2012]
SDH can be operated in conjunction with other renewable energies such as heat pumps and, of
particular relevance to this thesis, biomass. Germany’s Agency for Renewable Energies ("Agen-
tur für Erneuerbare Energien") considers the combination of biomass-fuelled boilers with solar
thermal collectors (STC) in Germany’s DH network to be a promising niche, offering immense
development potential in the country’s heat transition towards RES. [Alexander Knebel and
Vohrer, 2016] Moreover, SDH in combination with large-scale thermal storage can theoretically
provide 90 % of the heating demand throughout Europe and reduce the total environmental
impact by 82.1 % (Berlin) compared to fossil gas. [Tulus et al., 2019]

1.2 Bioenergy-Villages as research subject

Bioenergy-Villages (BED - "Bioenergiedörfer") in Germany were chosen as research subject for
four reasons:

1. BED or also planned BEDs have district heating (DH) systems installed which is consid-
ered a prerequisite for the use of large-scale solar thermal systems (STS), such as SDH,
to supply heat.

2. BED are expected to adapt well to climate change because they apply an RES-focused
technological approach by fuelling their DH systems for the most part with biomass and
biogas.

3. BED comprise a citizen energy approach and are thus potentially pioneering in Germany’s
Energiewende, which happens not only on a RES technological level, but also on a socio-
organisational level as bottom-up energy-initiatives [Akizu et al., 2018]. I am personally
highly interested in a combination out convivial bottum-up energy transition towards
"renewable energy villages". [Jenssen et al., 2014, p. 7].

4. I have been employed as a student job at Aalborg CSP, the company is interested in
learning about the opportunities, but also potential hindrances of Germany’s SDH sector.



2 | Problem Formulation

The problem being addressed by this master thesis is the heating transition in Germany, thereby
it focuses on Bioenergy-Villages (BED "Bioenergiedörfer") as a research subject. This report
seeks to answer questions on the techno-economic potential and socio-organisational barriers
that curb the potential utilisation of large-scale solar thermal as a renewable energy source
(RES) in the district heating (DH) systems of Germany’s Bioenergy-Villages (BED).

In 2019, solar thermal represented 4.9% of Germany’s heating energy supply and it played a
minor role in fuelling district heating (DH) systems in Germany [Umweltbundesamt, 2020]. It
is realistic to increase the solar share to 14% in order to transition towards a more decentralized
and renewable energy-based system. [Kunz and Kirrmann, 2016, p. 23] Further, some scholars
argue that what is required to transform the heating sector is first, a smart-grid and second,
a mix of renewable energy[Lund et al., 2014]. The share of district heating in Germany’s
residential sectors is estimated to be optimal at covering approximately half of the residential
heating demand (49%) [Paardekooper et al., 2018]. Solar thermal in DH is not yet broadly
used in Germany’s rural context of BED, however, presenting a methodological hurdle of sorts.
GIS-based projects such as "Heat Map Europe" that seek to identify strategic heat synergy
regions [Persson et al., 2014], and further to merge the European heat demand and supply
sides[Möller et al., 2018], pose as potential solutions for overcoming this hurdle. However, at
the time of writing this thesis, there was no tool available that directly calculates the demand
and potential for SDH of each German villages and also indicates the capital cost.

Biomass limitation and solar thermal potential of Bioenergy-Villages In 2020, most
of Germany’s 159 BED have decentralized DH systems whose supplies are at least 50% bio-
energy.[Fachagentur für nachwachsende Rohstoffe, b, 05/2020] In most cases, combined-heat-
and-power (CHP) facilities generate electricity and heat that is fed into the local DH systems.
The rising demand for biomass paired with an increasing number of BED has led to a demand
in locally produced bio-energy fuels that is growing faster than the local supply[Berberich and
Pauschinger, 2018]. Further, land-use conflicts with the animal-based aliments, dairy and meat
production industries is leading to serious conflicts and, in some cases, limitations of German
domestic BM usage [Umweltbundesamt, 2019]. This happens against the backdrop of demand
for biomass projected to increase from 360 PJ in 2015 to around 640 PJ in 2050.[Kraan, 2015]
As a consequence to the foreseeable biomass limitations, some researchers demand that "the
concept of bioenergy villages should to a greater extent be opened up to other renewable
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sources turning it into a concept of renewable energy villages." [Jenssen et al., 2014, p. 7]. To
enhance this transition, further research is needed. Generally, a certain potential is subscribed
to the solar thermal technology. In order to plan for the optimal mix of RES, the potential
access to local domestic and sustainable RES such as wind, solar and geothermal must be
gauged. The potential limitation of BM is important to understand for BED to make adequate
decisions on which alternative RES should be integrated. No suiting method could be find
to analyze the BM potential of Germany villages, so that own method was developed. Some
scholars describe BED as socio-technological systems, of which "the dynamics of community
renewable energy has not been well understood until now".[Von Bock Und Polach et al., 2015,
p.1] A survey tried to understand acceptance of larger solar thermal systems in German rural
areas [Geiger, 2019]. It found that existing barriers inside the BED villages such as decision-
making structures and general techno-economic framework conditions (e.g. funding/taxes) do
hypothetically influence the BED’s decision to augment their energy supply by using alternative
RES. Thus understanding and overcoming these barriers in terms of organisational structures
and characteristics can be considered key to unleashing the socio-organisational and the techno-
economic potential for SDH. This would further facilitate to transition BED’s sustainable energy
concepts towards one of renewable energy villages.

2.1 Methodology and research questions

This thesis seeks to conduct a three-fold analysis of different aspects of potential for SDH in
BED. First, the analysis of the techno-economic potential from the supply and demand sides
is one of the investigative focuses of this thesis. Here, there was no methodological framework,
program or tool given in order to estimate the potential. Second, an assessment aimed at
understanding how local biomass residue potential as main renewable energy resource of the
BED, is diverging and limited in the circumference of the villages. Third, the development of a
deeper understanding of the socio-organisational barriers of the "competing" RES technologies
to enable a 100% RES-based heating system. To conduct these analyses, there was no direct
tool or methodology given to estimate the techno-economic potential, to analyse the biomass
potential of the adjacent areas, and third to understand the barriers. For the last analysis, ex-
pert interviews were used. On these grounds, the whole methodological approach was developed
for the three-fold analysis, which is presented in the next Chapter 3 on the Research Design
and in each subsequent Chapter. The analysed problems flow into the following over-arching
research question that consists of four sub-research questions:

Main Research Question:

- How can the use of Solar District Heating as a primary alternative renewable energy source
contribute to the transformation of Germany’s Bioenergy-Villages’ (district) heating sector,
particularly with respect to the techno-economic potential and their socio-organisational hin-
drances?
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This main RQ is split up into the four enumerated sub-research questions tackled in the next
four chapters.

1. What is the status quo and underlying frameworks of Germany’s heating sector, it’s
supply by different renewable energy sources, particularly biomass and solar thermal as
well as the the status of Bioenergy-Villages today? (Chapter 4)

2. How can the techno-economic potential for Solar District Heating in Bioenergy-Villages be
assessed in terms of energy demand, area and price and what groups of Bioenergy-Village
show to have a high potential for the application of alternative heat supply technologies?
(Chapter 5)

3. To what extent can other external technological renewable resource potentials be consid-
ered and how can their influence on the application of the usage of solar thermal systems
in the Bioenergy-Villages’ heating sector be quantified? (Chapter 6)

4. To what degree do socio-organisational and techno-economic barriers hinder the imple-
mentation of alternative RES technology to supply Bioenergy-Villages’ district heating
and what are potential approaches to overcome them? (Chapter 7)‚

2.2 Delimitations

In this report, I focus on the (district) heating sector of BED as a residential area. Industrial or
highly dense urban areas as well as other small DH systems outside BED will not be subject of
this thesis. Though its main focus is solar thermal energy supply, it will bear the issue of sector
coupling in mind, though sector coupling itself is not the focus. This work does not intend to
analyse the DH systems themselves and how solar thermal system can be technically integrated,
nor does it focus on heat saving on the demand side: e.g. the building or construction side
requirements such as energy savings through insulation. Further, it does not seek to analyze
the specific land (area) requirements of solar thermal for the different BED and it also does
not aim to assess the environmental impacts of a renewable energy-powered district heating
system.



3 | Research Design & Methodology

This chapter aims to present the research design (section 3.1) and introduce the methods
that are utilized in combination to answer the research questions of this report. Further, it
presents, in section 3.2, an introspective into my personal underlying philosophical framework
and socio-technological belief. I do so partly to explain concepts, but also to be transparent
in presenting what has informed my research and how conducting this master’s research on
Bioenergy-Villages (BED) coincides with my philosophical foundation, that I try to unfold by
discussing relevant conceptual frameworks.

3.1 Introduction and overview on Research Design and
Methodology

In order to tackle the problem and research questions depicted in the previous chapter 2, the
following Research Design and methodology were developed. The methods are introduced in
the subsections below and are applied in-depth in the various chapters of the analyses. Below,
I explain the Research Design presented below in Figure 3.1 by going from the top-left to the
bottom-right. The first answer to the first sub-research question (1.) aims to provide both con-
ceptual and contextualized knowledge. This is presented in the theoretical framework chapter 4
by elaborating the understanding of Germany’s Bioenergy-Villages (’Bioenergiedörfer’ - BED)
and the problematic situation of the heating sector lacking renewable energy source (RES) sup-
ply. This sub-question also analyzes the status quo of solar thermal systems (STS) combined
with district heating (DH). The same chapter presents the restrictions of the limited bioenergy
resources in Germany, all of which is based on method (M1) literature review. In chapter
5, the sub-research questions (2.) on the techno-economic potential is addressed by using a
(M2.1) Multi-Criteria-Analysis (MCA). This method is utilized in a subsequent linked
analysis of BED’s two-fold techno-economic potential (M2.2) to estimate the potential
from the demand and supply sides. The created data-sheet and basis of the MCA is for it to
act as a tool to perform an overall analysis of the BED to find 1. concrete BED with a high
supply side potential (1., red text in Figure 3.1) and BEDS that can serve as Good Practices
(2, purple text). The MCA also outputs information on the distribution of legal forms and re-
gions of BED (3., blue text), which was used later as input in the socio-organisational potential
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analysis (M4).

Figure 3.1: Overview of the research design and methodology applied

The second analysis presented in chapter 6 aims to answer the sub-research question on the
external technological potential and was tackled with a method of (M3) Q-GIS biomass
potential analysis - which is a three-fold estimate of the specific external biomass potential
of each BED.
The last analysis seeks to answer the fourth research question in chapter 7. It is displayed
on the right side of Figure 3.1 based on the last method applied, the (M4) semi-structured
interview. This method analyzes the implementation barriers of SDH and other RES into
BED on technological, decision-making and economical levels through seven expert interviews
in three different categories.

Below, all methods are presented that were utilized throughout the thesis in order to answer
the (sub-) research questions. Each method presented in detail in its corresponding chapter.
To better understand the full analysis based on the sub-analyses, it is recommended to read
each analysis directly after the explanatory description of its respective method.
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3.1.1 Literature review (M1)

The literature review considered literature discussing Bioenergy-villages (BED) with a partic-
ular focus on those supplying their energy with bioenergies from Solar-thermal systems (STS)
and solar district heating (SDH). Further consideration was given to literature examining how
to bring the potential of these two renewable energy sources (sun and biomass) together. The
literature analysis of current BED cases revealed that the field of BED is not widely examined
yet and would merit from expansive further research.

3.1.2 Multi-Criteria Analysis (M2.1) - Excel spread-sheet

The Multi-Criteria-Analysis (MCA) aims to provide a tool that helps to quantitatively evaluate
the different BED. The MCA is for the most part based on data from the Germany’s agency for
renewable sources (FNR - "Fachagentur für nachwachsende Rohstoffe") that comprised infor-
mation on data-sheets of one to three pages enabling me to conduct an analysis of the supply
and demand side potential of the acknowledged BED and non-acknowledged or planned BED
(pBED). Based on the data-sheets, an Excel spread-sheet was created containing information
on the locality (coordinates, postcode), federal state and size of the district heating system
(derived from households residents). Moreover, information on the supply-side of the 159
BED and 45 pBED could be obtained. Overall, the following information could be retrieved:
electrical and thermal installed capacities of bioenergy (biomass and biogas) conversion units;
installed capacities of photovoltaics (PV) , wind, thermal energy storage, organic rankine cy-
cle; and information on the supply- and connection-rate of the villages. Consequently, this
information can be used as criteria in combination with the framework conditions to describe
the technological potential of BED for alternative RES such as SDH. Section 5.1 provides an
in-depth description of this methodology.

3.1.3 Techno-economic potential analysis (M2.2) - heat demand as-
sessment

Based on the information obtained for the MCA and spreadsheet, the technological potential
regarding the demand and the supply side of the BED and pBED for STS and SDH could
be determined. Based on this, annual household and resident demands for warm water usage
could be extrapolated. On the supply-side, information on biomass capacities as well as biogas
capacities in combination with years of installation was used to understand the potential for
SDH. Section 5.1.5 provides an in-depth description of this methodology.
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3.1.4 GIS-based spacial analysis (M3) - BED’s biomass potential anal-
ysis

In order for BED to become renewable energy villages at some point, the external RES poten-
tial needs to be taken into account in the planning and engineering process of an individual
BED-specific energy system. The measure of bioenergy acts as the most telling indicator of
value for BEDs, yet it is also the least determinable due to lacking information. Based on the
Geo-Information-System (GIS) and data on different residue or second-generation biomasses
in Germany’s districts, an analysis of each of these sources of biomass of each BED was con-
ducted. In combination with information on solar irradiation, average temperature and wind
speeds should inform the energy system planning of each BED. Section 6.2 provides an in-depth
description of this methodology.

3.1.5 Semi-structured interviews (M4) - socio-organisational barrier
analysis

In the last and third analysis (see 7), primarily the socio-organisational, but also the economical
and technological potentials were assessed by conducting a barrier analysis in the form of semi-
structured interviews. For that, a target group of seven interviewees from public and private
institutions and Good Practices related to BED, SDH and STS were interviewed. The data
collected from the interviews was organized in such a way as for conclusions to be drawn from
it. Section 7.3 provides an in-depth description of this methodology.

3.2 Philosophical framework of my research

The intention of adding this chapter to my thesis is to present some of my philosophical stand-
points and to give insight into my perspective on our world. I do this to argue for how the use
of (energy) technologies must go hand-in-hand with societal - or even cultural - progress. I also
aim to highlight the opportunity I see for this combination to manifest in community energy
projects such as Bioenergy-Villages as heart of this thesis. Today’s modern world’s “Sustain-
able Energy Planning” practices should reflect and display an understanding of the marginally
questioned paradigm of a perpetually growing economy and how this is connected with the
way we develop and use our (energy) technologies. Just as other policy-makers, scholars and
activists that question the dominant capitalist model, I do call for “alternative lifestyles and
a fundamental transformation of the economic system”.[Rommel et al., 2018] The growth of
the world’s economic system is largely based on the (still) increasing extraction of fossil and
nuclear fuels. Germany, as a national sub-system of the modern world with its growing econ-
omy, is highly dependent on a fossil-fuel based energy system, thus serving as a good example
of this paradigm I call into question. Taking this into account, I will in the following outline



CHAPTER 3. RESEARCH DESIGN & METHODOLOGY 11

philosophies and conceptual frameworks that are relevant for a ecologically and socially sound
future based on sustainable energy systems.

The first concept is an environmental philosophy way of thinking called Eco-Modernism
that assumes that nature can be protected through the optimization of the efficiency of tech-
nologies can perpetually be increased until a "decoupling" of the anthropogenic impact from
nature is reached. [Ecomodernism]. Eco-modernism is rooted in the western industrialized
world and places great trust in the infallible western industrialized world. Eco-Modernism
intends to find solutions to our problems by means of (technological) innovation based on (i)
a growing economy and (ii) "problem-solving capacity of technological progress” [Grunwald,
2018]. Grundwald, professor of philosophy and physics, and also director of the ITAS ("Insti-
tute for Technology Assessment and System Analysis") [KIT - ITAS] in Karlsruhe, Germany,
criticises the Eco-modernist approach by stating that this approach assumes the ecological crisis
can be overcome by technological progress and its acceleration only while "ignoring the am-
bivalence of technology and the issue of unintended side effects."[Grunwald, 2018]. In Europe,
Eco-Modernism is the basis for "Green Growth", which usually represents a paradigm that fo-
cuses on replacing old (fossil-fueled) technology with supposedly green technology continue the
design of our societies persisting on perpetual economic growth. The Eco-modernist / Green
Growth approach also has followers among European green thinkers. For instance, Ralf Fücks
– former director of the Heinrich-Böll foundation – who believes, or ’rather hopes’, in a truly
sustainable future through Green Growth. R. Fücks stated that in order to not “lose the race
against the ecological crisis” we (humanity) need to rely on the hypothetical assumption that
“innovative potential of modern societies is unlimited” which is as to Fücks what we (humanity)
may "hope" for. ("Darauf ist zu hoffen."(sic)) [Kiderlen et al., 2011, p.6]. Having such trust
in technological advances brings about the notion of having "hope" in humanity’s future (or at
least in humanity’s future along our current course). This understanding of "hope" is interpreted
by Grunwald [2018] as if we are "betting" on merely technology-based scenarios assembled by
blind trust in technological progress. If we do so, we will be very likely disappointed. Instead,
he proposes, to use our technologies in a responsible, ethical way, taking options based on a
trust that is more than purely technology-centric into consideration [Grunwald, 2018].

Another concept is described in the recently published book “Limits” by Giorgos Kallis[Thinkbelt,
2019]- professor of Political Ecology scientist at the Autonomous University of Barcelona. G.
Kallis calls for self-limitation alluding to the physical planetary boundaries that were already
described in 1972 in the book “Limits to Growth” by the Club of Rome and a researcher team
around Meadows et al. [1972]. Acknowledging the planetary boundaries, scholars – such as
G.Kallis - developed a conceptual framework called Degrowth, which is fundamentally agnos-
tic with the paradigm of infinite (material and economic) growth and calls for a reduction of our
societies’ energy and resource metabolisms [Kallis, 2011]. The main thought behind Degrowth
is that the Eco-Modernistic approach "bets" on the belief that technological advancements will
eventually allow for the absolute decoupling of environmental impact (for instance carbon diox-
ide emissions) from technological expansion and economic growth. ’Decoupling’ refers to the
eventual separation of two currently interdependent phenomena, in this case environmental
impact and economic growth. This framework claims that technology will eventually become
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cleaner and greener to the point that it disconnects or decouples from the environmental im-
pact. [Jackson, 2009] points to the improbability of this decoupling happening, as it was hardly
observed among the environmental impacts caused by our technologies. This does not mean
that we should not make use of (certain) technologies.

According to Ivan Illich – a technology philosopher – we should only make use of technolo-
gies that we can co-live with. This is what Illich [1981] calls convivial tools (in this context
‘Convivial Technologies’). Illich also speaks of a technological threshold that, once crossed,
leads to more environmental and social burdens that will be too heavy without further satis-
fying of our needs. As an example for convivial technology, the bike is often mentioned. Bikes
are based on a certain simplicity and do not require many resources, but still enable people
to be transported quickly in a very resource-efficient manner. Another benefit lending to the
co-living nature of bikes is that they increase the user’s physical activity, which contributes to
physical health, something that is of the utmost importance, especially during today’s global
context characterized by the onset of the COVID-19 pandemic.
The former PhD-student of the Planning Department at Aalborg University Xue [2014] con-
ducted research on Eco-Villages as a foundation of a Degrowth society. She argues that we,
as planners, should be aware of ‘bio-economics’ by, first, taking the biophysical capacities of
the system we live in into account, second, acknowledging the improbability that economic
growth can be decoupled from environmental impact through mere means of technology [Xue,
2014]. Further, she argues that the development of an urban energy system should be informed
bio-regionally, which encourages the development of local renewable energy systems by means
of local RES. Further, Xue [2014] argues that we should work on political re-localization, which
can be understood as the decentralized governance of small-scale (energy) systems.

Conceptual frameworks and Sustainable Energy Planning
I consider the epistemology of my investigations and my research positions themselves to be
agnostic to the Green Growth approach. I am certainly disagreeing with Fücks’ unconditional
belief in the infinity of – technological – innovation. I think that "betting" on Green Growth
and "hoping" for technological progress and absolute decoupling of environmental impact from
economic growth could likely turn out to become humanity’s biggest fallacy. For me, this
means that we as sustainable energy planners should not deny the use of technology as such
– but we should have a look at and be aware of the conviviality of our technologies. I am of
the opinion that we as sustainable energy planners have the responsibility to plan according
to this bigger picture while coping with questions arising from the growth paradigm and the
expectations of technological progress. I think that we should not only assess and compare
the impacts of different (RES) technologies, but we should be doing so as Grunwald [2018]
describes: “against the backdrop of the ’big questions’”.[Grunwald, 2018, p.9] In this case, this
backdrop includes the marginally challenged growth paradigm and our expectations of limitless
technological progress. As participants, actors and planners in the global energy transition I
think that we are responsible to develop our own local, autonomous energy transitions. For the
case of central Europe and Germany, this is most likely to be started with Bioenergy-Villages
by developing alternative socio-organizational and technological paradigms in terms of using
convivial technologies. I consider BED to be at the crossroads of those tending to question the
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growth paradigm (e.g. BED Siebenlinden) and those putting their faith into Eco-modernism.
Consequentially, BED are especially interesting to further enhance a just energy transition on
both a convivial-technological [Illich, 1981] and political re-localized level [Xue, 2014], both of
which can be subsumed under the concept of the "democratization of technology" [Kerschner
et al., 2018] happening against the backdrop of the paradigm of perpetual economic growth.



4 | Theory: Bioenergy-villages and so-
lar district heating

This section seeks to provide background knowledge and contextualize the following three
analyses by tackling the first sub research-questions:

What is the status quo and underlying frameworks of Germany’s heating sector, it’s supply by
different renewable energy sources, particularly biomass and solar thermal as well as the the
status of Bioenergy-Villages today?

4.1 Introduction to the research subject: What are Bioenergy-
Villages?

Bioenergy-Villages (BED - "Bioenergiedorf ") are basically villages or communities that to a
large extent self-supply their demand of electricity, domestic hot water (DMH) and heating
primarily by the means of Bioenergy - which can be sub-categorized into biomass (BM) and
gasified and fermented biogas (BG). Germany’s agency for re-growing resources (FNR) has two
published lists with (a) acknowledged BED and (b) non-acknowledged BED - the latter are
BED under development [Fachagentur für nachwachsende Rohstoffe, b] - to which I henceforth
refer as ’planned BED’ (short ’pBED’). The idea behind the collection of BED is to show good
practises to other communities and/or villages to profit from the existing experiences and to
enhance Germany’s "Energiewende" toward renewable energy sources (RES) on a local level.
According to IBEG e.V., an association named "Institute for Bioenergy-Villages Göttingen" that
has been accompanying the BED movement for the last two decades, the BED’s contributions
to the Energy transition is twofold. First, they enhance the CO2-neutral energy supply. Second,
they contribute to autonomous rural development and thus improve rural community energy
independence. [IBEG e.V., 2015]

The FNR’s definition of BED is to "switch the predominant share of the heat and electric-
ity supply to be based on renewable energy source biomass", [Fachagentur für nachwachsende
Rohstoffe, b] thereby covering at least 50% of their energy (electricity and heat) needs from

14



CHAPTER 4. THEORY: BIOENERGY-VILLAGES AND SOLAR DISTRICT HEATING15

regionally produced ’bio-energy’. Further, FNR’s definition of BED incorporates, on an or-
ganisational level, the local residents into the decision-making processes carrying the values of
project (see also subsection 7.2.1 on operation corporation of BED). The FNR explicitly indi-
cates in their definition that the "supply of heating and electricity generated from biomass can
be supplemented by the usage of other renewable energy resources" [Fachagentur für nachwach-
sende Rohstoffe, b] for a village to get the FNR’s official BED-acknowledgement.

On the other hand there, is the IBEG’s definition of the BED that slightly differs from FNR’s,
but as both definitions exist they should both be considered when working with BED. The
IBEG’s definition generally agrees with the FNR’s definition, and is made up of the following
four items:

1. The village generates at least as much electricity by means of biomass as it demands.

2. The heat demand of the village is at least to 50% supplied by means of biomass,
preferably by combined-heat-and-power (CHP) plants (more energy efficient)

3. Ownership structure: The BED’s bio-energy facilities implemented should be at least
50% the property of local heat-consumers and local farmers supplying biomass fuels. As
many involved parties as possible should own shares of the bio-energy facility.

4. The biomass must not originate from (corn) mono-cultures and genetically modified
plants. In this context (corn-)mono-culture is understood as the crop sequence only
consists of corn.

4.1.1 Reasons for Bioenergy-Villages movement

Overall, the FNR mentions five means reasons that favor the concept of and support the visions
and idea behind BED: [Fachagentur für nachwachsende Rohstoffe, c]

1. Finiteness of fossil and nuclear fuels: The core argument here is what is expressed
by the Club of Rome in the "Limits to Growth" [Meadows et al., 1972]. The BED puts
forward the reasoning that humanity will run short on fossil fuels and uranium by the
end of the 21st century.

2. Climate Change and greenhouse effect: In 2019, the Earth’s climate has warmed by
0.95C above the 20th century average [Lindsey and Dahlman, 2020]. Climate scientists
forecast an increase between 2 and 6C by the end of the 21th century.

3. Independence from imports: Fossil and nuclear fuels are imported to Germany from
democratically unstable regions. Germany’s buying power is enormous and could so
potentially lead to high profits in non-democratic structures.
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4. Structural change in rural areas: The offer of workplaces is on decline in Germany’s
rural areas and people accumulate rather in urban areas and cities. Young, educated
people move away and many rural areas face depopulation. BED create job opportunities,
work, long-term stable energy prices and a common project.

5. Quality of life and identification:: Generally, in rural villages a lack of common tasks
is often observable. BED have the potential to have a positive impact on the community’s
self-confidence.

Reinforcing the above points, IBEG e.V. [2015] states in the Declaration of Jühnde, pub-
lished by a union of BED, that being a BED goes beyond using RES technology. It is also
about contributing to climate protection while securing a community’s energy supply using ef-
ficient technologies such as CHP, supporting the energy systems’ decentralisation and thereby
increasing the community’s autonomy. To do so, BED can be flexibly controlled to contribute to
the local creation of value and ideally support the share-holding and participating community.
[IBEG e.V., 2015]

4.1.2 Operating corporation and legal forms of Bioenergy-Villages

In order for BED to legally generate, distribute and sell energy, it is required to found an oper-
ating corporation ("Betreibergesellschaft") through the submission of different legal forms with
different characteristics for each action (energy generation, distribution and sale). According to
FNR, only the legal forms are suited for BED that do not have ’full liability’ ("Vollhaftung"),
which means that a person behind a legal entity cannot be made fully liable with their own
private property [Fachagentur für nachwachsende Rohstoffe, a]. Consequently, the legal forms
can be either differentiated according to their type of liability (private or not) or their decision-
making processes. An overview of the existing legal forms in Germany is presented in Table 4.1
below - together with an information (right column) on the type of liability. The Fachagentur
für nachwachsende Rohstoffe [a] states that the legal form should be decided upon by having
a maximal legitimization in the village assembly. In a founding assembly, the residents of the
BED shall find their optimal case-specific legal form for each operating corporation.

The conceptual idea behind communizing the operating corporation is, ideally, to have mem-
bers of all stakeholder groups - such as, most importantly, the heat-consumers, but also local
farmers as supplying the BED with fuels - represented in the corporation. On one hand, there
are the heat-consumers that own (partially) the energy system which makes them also heat-
deliverers. Naturally, as heat-consumers they have an interest in low heat-prices. On the other
hand, the farmers are interested in a high biomass-price. Having both groups represented in
the operating corporation moderates both the heat-price and biomass-price, allowing for an ap-
propriate price for each to be reached, creating overall value for the project. Both sides cannot
unilaterally enforce their will power, because in the phase of the heat-contracts’ negotiations
neither the heat-consumers nor the farmers would sign a long-term contract. [Fachagentur für
nachwachsende Rohstoffe, a] Usually, an operating corporation of the BED has the following six
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German
acronym

Name of legal form English (UK) analogue liability type

GbR Gesellschaft bürgerlichen
Rechts

’non-trading partnership’ private

OHG offene Handelsgesellschaft ’general partnership’ private
KG Kommanditgesellschaft ’private limited partnership’ private
GmbH&CO
KG

Gesellschaft mit beschränk-
ter Haftung

’private limited company’ not private

eG eingetragene Genossen-
schaft

’registered cooperative soci-
ety’

not private

Table 4.1: Overview of legal forms in Germany generally as operating corporation of Bioenergy-
Villages; Source: [Fachagentur für nachwachsende Rohstoffe, a]

main areas of responsibility: contracting of the delivery of hot water and biomass fuels, secur-
ing funding and discussion with financial institutions, planning project concepts and approvals,
execution of the construction work, employing staff for commercial and technical division and
completing the commercial operational management.

4.2 Status quo of the Bioenergy-Village fuels

Bioenergy and its sub-fuels are into the context of the BED and explain occurring problems
and the biomass potential of Germany.

4.2.1 Biomass and biogas - Bioenergy-Villages’ fuels

When the term bioenergy is mentioned, usually different types of resources, technology path-
ways and areas of application are referred to. Technically, bioenergy can be (I) gaseous in
the form of BG or bio-methane (henceforth both referred to as ’BG’) (II) liquid and used as
fuel in power plants or for transportation and (III) solid biomass in forms of split logs, wood-
chips or straw-pellets that are usually combusted to supply heat and/or electricity. The main
commonality between these forms of bioenergy is that they are all forms of plant-stored solar
energy. Therefore, this chapter aims to give a short introduction and overview of what is meant
by utilizing the terms bioenergy, and its sub-categories of ’biomass’ BM and BG, which are
the main bioenergy used in BED. The resources for bioenergy primarily comes from plants
specifically cultivated for the purpose of generating energy - such as corn, rape, sunflowers,
and palm oil [Umweltbundesamt]. These crops are also edible, hence their being referred to
as ’first generation biomass’ [Lee and Lavoie, 2013]. As a consequence of the variety of plants
that are suitable for producing bioenergy, their origin can be local, but are exceedingly global
and bioenergy can be delivered via the global trade currents to Europe. This is, in particular,
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the case with BM, which is better and more easily transported than BG due to its solid state.
Following the BED’s definition (see subsection 4.1) and to secure locality, only plants endemic
in Germany are relevant for this research. Germany’s endemic BM can be split up into the
following three main categories [Umweltbundesamt]:

1. Fast-growing woods: especially cultivated on agricultural farms

2. Wood from forestry

3. Biogene residues from agriculture and forestry, households or industry

4.2.2 Biomass potential in Germany

Differentiating between theoretical and technical potential: There are various forms of
measuring the potential of energy resources. The most important ones are the theoretical and
the technical potential. The theoretical potential describes the potential capacity for producing
biomass, or biomass potential (BMP) of a a specific region (Germany) and a specific time-frame,
and constitutes the theoretical maximum potential. The technical BMP includes restrictions
based on technical, structural, legal or societal aspects. Thus the technical BMP can be defined
as materially and energetically usable biomass within a specific region and time. [Brosowski
et al., 2015]

In general, BM and thus BG forms an inexhaustible energy carrier fuel, assuming it is being
grown and harvested sustainably. The BM growing annually world-wide outstrips humanity’s
energy consumption by a factor of five to six - which depicts the maximum theoretical poten-
tial. Self-evidently this amount of energy cannot be harvested at a single time due to ecological,
economical and technical constraints. However, the remaining technical BMP is still remark-
able. Germany’s domestic biomass is estimated to have a contribution of up to 26% by 2050
of the country’s total primary energy usage in all three sectors - heating, electricity and trans-
portation. [FNR, 2016, Brosowski et al., 2015] This number is derived from the goal of the
German government, which is to reduce the country’s total energy consumption from 13,645
Peta Joule (PJ) (in 2015) to 7,000 PJ (in 2050). The 26% contribution of bio-energy is equal
to 1,819 PJ in all three energy sectors and is categorized as follows: First, BM from hardwood
such as residues from forests and landscape conservation and scrap wood will cover a share of
10% respectively 697 PJ - approximately one third of this source is unused today and available
for future usage. Second, the FNR’s calculation states that biomass-energy from agriculture
(corn, raps, fast growing trees and agricultural residues can cover 988 PJ - of which today only
one-third is used. Third, livestock residues such as organic waste and sludge form the last
group with a potential of 134 PJ which is already largely exploited today. [FNR, 2016] This
leads us to the amount of Germany’s unused BMP depicted in the following chapter.
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4.2.3 Unused biomass potential in Germany

Today, the non-utilized BMP in Germany concentrates on only a few biomass categories and
shows to have a comparably high amount of energy. The German unused residue BMP on
different annual bases is depicted in Table 4.2 below. The total amount of unused BM from
residues is at 30.9 M tons/year - of which the majority (95%) falls into the three categories of (i)
unused residues of forests (38%), (ii) animal excrement (29%) and (iii) crop straw (27%). Note:
approximately 4% of scrap wood from landscape care and some other minor "other residues"
are not depicted in the table, since a law forbids its usage [Brosowski et al., 2015].

Table 4.2: Technically unused residue biomass potential of Germany [Brosowski et al., 2015]

Type of Biomass Million
tons/year

Peta
Joule/year

Relative
Share

Year of Data

Total 30.9 448 PJ 100% mixed
Wood and forest
residues

11.88 218 PJ 38% 2012

Animal excrement 9.10 66 PJ 29% 2010/2013
Crop straw 8.47 141 PJ 27% 1999-2007

4.2.4 Indirect land use change - iLUC : energy-biomass versus food
production

Indirect land use changes (acronym often referred to as "iLUC") are the result of displacement
effects caused by additional demand for land for the growth of BM. In this case, the added
BM demand displaces land that was otherwise used for food crop production to other areas..
The iLUC-effect is a considerable factor in the environmental impact of BE fuels, since the
displaced food production is a "new" demand. That demand is often covered by turning whole
ecosystems into agricultural crop land which results in additional greenhouse gas emissions
since old ecosystem disappear [Umweltbundesamt].

Further, the land requirements of animal breeding are comparably high. "Overall, animal
breeding and foremost the meat productions especially requires a high amount of areas" [Jering
et al., p.35], and this land requirement is more for animals than it is for plant-based aliments.
In the rich parts of the world ("Global North"), the demand for animal-based products is the
highest in the world. [Jering et al., p.34] However, the demand of these land-intensive products
is declining in the Global North. Theoretically, if the meat consumption of the OECD-countries
continues declining and was finally reduced by 30%, the land pressure would be decreased and
around 30 million hectares (ha) of cultivatable farmland would be released. [Jering et al.,
p.36] That could be used for (sustainable) biomass production to be used in RES, or for solar
(thermal) applications.
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4.2.5 Space energy efficiency of biomass versus other renewable sources

Different RES technologies have a different specific demand of land area. This presents a
conflict between the different technologies based on land availability, especially with regards to
fertile land as depicted above. According to Germany’s Federal environmental agency, several
studies have shown that the "space efficiency" of solar thermal energy or also RES in electricity
generation such as solar photovoltaic (PV) or wind-turbines is greater than biomass. Biomass’s
high space requirements paired with the population density of the often rural areas in which
biomass is produced, cultivated biomass in central Europe (or Germany) can only make up a
limited share of the energy supply [Umweltbundesamt] as described in the subsection on the
BMP 4.2.2.

Figure 4.1: Annual energy yield per m2 of land used for different renewable energy sources in
northern Europe. Source: [Sørensen et al., 2012]

The above Figure 4.1 depicts the results of a study displaying the differing RES’ specific land
use efficiencies yields in Northern Europe - assuming that solar thermal has an efficiency of
15%, solar PV use 1/4 of the STS energy. The wind value is derived by assuming an 8MW/m2

energy intensity and 2400 full-load hours. The biomass output is derived by assuming 1000
tons/km2 with a calorific value of 15 GJ/ton.

4.2.6 Biogas in combined heat and power in Germany

In 2015, bio-gas power-plants supplied 25 TWhel electricity to Germany’s grid [Stocker, 2015].
The number grew to between 32 and 33 TWhel annually and stagnated thereafter [Daniel-
Gromke et al., 2020]. BG power plants are generally able to supply heat as well as electricity
without major fluctuation by using combined-heat-and-power plants (CHP) technology that
increase their efficiency. The high growth rates and its ability to balance the fluctuation of other
RES generation are the advantages of BG in Germany and make it - at first glance - a ’success
story’ [Stocker, 2015]. However, two downsides of BG facilities are pointed out subsequently.
First, BG facility operators produce heat and electricity using the fuel around the clock, despite
the most efficient use of the fuel being to use it to generate energy on an as-needed basis to
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counteract fluctuations of other RES. BG is technically storable, theoretically on the short-term
(hourly/daily) and over longer period of time (months/seasons). As a consequence, it would
be ideal to store and use BG when it is needed - for instance in winter-times to fuel a DH
system. Several storage options exist, such as in (partially existing) small gas storage on-site,
or ,if refined before, in the German national fossil gas grid..[Stocker, 2015] Second, the high
growth rates of BG are being criticised by environmentalists, food-producers and politicians
[Stocker, 2015]. With the introduction of the EEG-law in 2000 (see also 4.7.1) the number
of BG plants has been continuously growing, but since the EEG updates from 2012,2014 and
2017 the additional new BG installations have decreased. At the beginning it was believed
that BG facilities should mainly process and refine residues from agriculture and the food
industry into gas, but this has developed into a system in which out of the approximately 8800
BG facilities (end of 2018) [Daniel-Gromke et al., 2020], approximately 80% were supplied by
corn especially grown as first generation biomass in large mono-cultivated fields. In 2015 in
Germany, the area for these types of mono-cultures were at 750,000 hectares (ha) leading to the
suppression of other food products. The environmental pressure by the mono-cultures has been
a direct consequences of this "biogas-boom". [Stocker, 2015] Other scholars found the situation
of biogas production facilities in Germany to be at a cross-roads after two decades of subsidies
and envision a future in which biogas systems are integrated into a circular bio-economy based
on biomass residues[Theuerl et al., 2019]. Ultimately, according to Germany’s environmental
agency and others, BG as refined biomass is required in an energy system that shall run 100%
on RES while complimenting each other efficiently [Umweltbundesamt, Stocker, 2015].

4.3 Technology of Solar District Heating systems

Generally, a SDH system consists of large solar thermal collector (STC) fields that are integrated
into either (i) a district or (ii) a block heating system with the aim of supplying heat for use
in water (both for heating and drinking) to residential or industrial areas. This chapter points
out the different potential sectors and the possible combinations with other RES technology.

4.3.1 Potential sectors for Solar District Heating

In total three different sectors for SDH are identified. [Pauschinger et al., 2019b] These sectors
are (i) densely populated urban areas, (ii) Energy Villages - most similar to the BED and (iii)
quarter level.

Densely populated urban areas

Big district heating systems in densely populated urban areas such as cities are today fueled by
heat from CHP stations, heating plants or the utilisation of industrial waste heat. These are



CHAPTER 4. THEORY: BIOENERGY-VILLAGES AND SOLAR DISTRICT HEATING22

usually fuelled by fossil gas, coal, waste and/or biomass. On the one hand, the decarbonisation
of the District Heating of cities presents to be a big challenge, while, on the other hand, it
offers an efficient and cheap approach for a fast heat transition in urban areas. The integration
of solar energy systems is described to be a big possibility to increase the share of renewable
energy (RE) generation in such systems. An increase of solar thermal projects with sizes over
10,000 m2 can be observed demonstrating that finding suited space in urban areas is possible.
[Pauschinger et al., 2019b]

(Eco) Energy Villages

At the moment there are local heating networks emerging in so-called Energy Villages ("En-
ergiedörfer") primarily in rural areas. At its core is the exchange of decentralised oil-fired
heating against a local district heating system fueled with RES. A report argues that the com-
bination of a solar thermal facility with renewable biomass fueled heating plants in big open
rural areas forms a model of success [Pauschinger et al., 2019b]. The possibilities of organizing
the operation of district heating in BED are vast. There are several cases where local citizens
formed and founded energy associations ( "Bürgerenergiegenossenschaften") to run the facilities.
In other cases the operators are owner-operated municipal enterprises ("Eigenbetriebe), munic-
ipal utility companies ("Stadtwerke) or regional suppliers ("Regionalversorger"). [Pauschinger
et al., 2019b] (see also section 7.2.1)

Neighborhood quarter level and housing industry

The biggest share of DH in Germany supplies larger apartment buildings and multiple dwelling
units connecting parts of cities on a neighborhood quarter level. The structural change in the
cities’ DH towards RES makes a contribution to the goal of a climate-neutral building inventory.
Many neighborhoods do have own local district heating networks that are operated by energy-
suppliers, contracting companies or the housing industry. Also, in these cases large-area solar
thermal is applicable - though naturally finding the areas for larger collector fields might prove
to be more difficult. However, planning on a quarter or neighborhood level usually enables
more cost- and material-efficient solutions. [Pauschinger et al., 2019b]

4.3.2 Combining Solar District Heating with other renewable sources

Solar Thermal Systems (STS) that supply District Heating (DH) "can technically be combined
with all other fuels for district heating" [Sørensen et al., 2012] so consequently it will depend
on the specifications of the district heating system and on environmental and economical con-
siderations. The production price for SDH in Northern Europe is at 3 e -cents/kWhth and in
Southern Europe at 2 e -cents/kWhth [Sørensen et al., 2012] - these are usually the competing
prices for heat from other (RES) sources.
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Combining SDH and biomass boilers

BM boilers have a marginal heat production price of around 2 - 3 e cents / kWhth - whatsoever
this price is more volatile depending on the local market. Two considerations need to be taken
into account. First, in order to cover the summer heating load, a thermal storage tank is
needed. In this way energy can be harvested during the day and used in the night. In the
winter months, the accumulation tank will also permit the BM boiler to run on a fixed load, so
that it does not need to be ramped up and down many times, thus increasing the life time of
the boiler.[Solarthermie.net, a] Secondly, in order to turn the BM boiler completely off during
the summer months, the STS needs to be designed have a solar fraction of around 100% during
that period. An additional small back-up boiler running ideally not on fossil fuels, but for
instance on bio-gas should be installed in parallel as depicted in Figure 4.2 below. [Sørensen
et al., 2012]

Figure 4.2: Schematic example of the combination of solar thermal collectors with biomass and
biogas boilers and a thermal storage tank (Source:[Sørensen et al., 2012] cited from PlanEnergi

Already twenty years ago a paper for the case of Austria (context very similar to Germany)
which describes the seasonal mismatch between solar energy supply (higher in summer) and
solar energy demand (higher in winter). It is described how long-term (seasonal) Thermal
Energy Storages (TES) could potentially fill the gap between supply and demand, but that
’bio-genic fuel sources’ - to what I refer to as biomass - in "the form of firewood, bark and wood
chips from the forests and the remnants from the wood processing industry are an obvious
form of ’natural storage’ for solar energy" [Faninger, 2000], as they are locally available and can
easily be stored, transported and grown again. Thus the ’storability’ and flexibility of biomass
can support an optimal conversion with STS for heating usage as an auxiliary fuel.

Combining SDH with environmental heating

A direct combination of solar thermal and environmental heat (heat pump) is technically pos-
sible. Environmental heat supplied from the air, soil or groundwater can be directly combined
with the solar system. Further, an indirect combination is possible with which the STS heats
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up water in order to increase the yield of the heat pump, that is usually using environmental
heat from the soil. This system allows a decrease in the size of the heat pump design while in-
creasing the efficiency of the STS due to its ability to run on lower temperatures. This indirect
application is usually found as solution for individual households. [Solarthermie.net, b]

4.4 Status quo of heating sector supply in Germany

This chapter outlines the current status quo of the heat supply of Germany’s heating sector by
Renewable Energy Sources (RES), which fraction reached an overall historical high of 14.5%
in 2019 regarding the final consumption of heat. This chapter subsequently first displays a
general overview of the heating sector and subsequently explains the situation of biomass, solar
thermal and heat pumps.

4.4.1 Supply of heat by renewable energy sources in Germany

In 2019, the share of RES utilisation in the final energy consumption for heating and cooling
in Germany increased by 0.2% to 14.5% reaching an all time high in the same year. The 0.2%
correspond to an absolute increase in RES by approx. 4% to 176.4 TWhth in 2019. At the
same time more fossil fuels were used in the heating sector due to a colder winter, so the RES
share did only increase by 0.2%. [Umweltbundesamt, 2020]

Figure 4.3 displays the distribution of the supplied heating by RES in Germany in the year
2019. About two third of it is supplied by solid biomass in different sub application forms. In
total, solid biomass had the lion share of 116 TWhth and is consequently the most prominent
renewable energy source for the heat supply in Germany. BM is being followed by BG that
has a share of 13 TWh. Meanwhile solar thermal heat supply increased by 4% (compared to
2018) to 8.5 TWhth annually. The last heat source is environmental and geothermal heat that
reached an all-time high with approx. 16.0 TWhth (+8% compared to 2018).

4.4.2 Biomass in German heating sector - status quo

In 2019 Biomass heating made up 86% (including biogas and residuals) - respectively 152 TWhth

making it the most important source of energy for renewable heating in Germany. In 2019,
the overall energy usage of biomass (pellets and energy-woods) was approx. 8% higher (2.3 M
tons/year)than the consumption of the prior year (2.2 M tons/year). In the same year also the
amount of pellet-boilers sold increased by 4% respectively 35,000 units - of which 16,000 were
central heating facilities. Thus, by the end of 2019 Germany had around 492,000 pellet-boilers
installed - out of which 289,000 were central heating facilities. [Umweltbundesamt, 2020]
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Figure 4.3: Heating from Renewable Energy Resources in Germany (in 2019) - Total TWhth

Own depiction - Source: [Umweltbundesamt, 2020]

4.4.3 Solar Thermal Heating in Germany - status quo

Since 2012 the annual new role-out capacities of solar thermal collectors have been decreasing.
In 2019, only 511,000 m2 of new collector area was installed, which is according to the German
organization of Solar Economy ("Bundesverband des Solarwirtschaft e.V.") even less than in
2018 (573,000 m2). Consequently, if including dismantling of old STS overall 19.3 M m2 collector
area was installed in Germany in 2019. The STS capacity in Germany is stagnating, basically
because dismantling and built-up balance each other out, which led in combination with less
sun hours to an overall production of 8.5 TWhth in 2019 [Umweltbundesamt, 2020].

4.4.4 Geothermal and environmental heating (heat pumps)

Germany’s Federal Association for heat-pumps registered an increase by 86,000 HP respectively
2% for 2019. Out of these HP 77% were taking their energy from the ambient air and the
remaining 23% from ground heat[Umweltbundesamt, 2020]. In 2019, in total 16.0 TWh of
geothermal heat was generated in Germany - which is 10% more (an equivalent to around
16,500 facilities) than the 14.8 TWh generated in 2018 [PlanEnergi and NIRAS].
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4.5 Development of Solar District Heating in Germany

This section elaborates on SDHin Germany by showing first the past development of the tech-
nology and current status of the STS utilized in heating in Germany. Then, an overview of the
existing applications is given.

4.5.1 Status quo and development of Solar District Heating in Ger-
many

The following figure 4.4 presents the development of the cumulatively installed STC area over
the past two decades. The graph subdivides into different type of groups that are supplied by
SDH - which are industry, energy villages, district heating in cities and neighborhood solutions.
The overall cumulative installed STC field area in BED (in the graph blue and referred to as
"Energy villages") is the focus of this thesis and has been steadily increasing ever since around
the year 2010. The last three years (2016 - 2018) one can see a slight increase in the overall
installed capacity mainly due to the new capacities installed in 2018 in the Energy Villages.
Further, the graph depicts an outlook for the role-out of STS based on the investigations of the
company Solites from Stuttgart, Germany that forecasts an increase in new installed capacities
until 2023. The subsection 4.5.3 elaborates on the prognosis of the role-out potential for SDH
in Germany.

Figure 4.4: Development of Solar District Heating in Germany distinguished in the categories:
i) Industrial, ii) Energy Village, iii) Urban District Heating, iv) Quarter/Neighborhood district
heating [Pauschinger et al., 2019a]
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4.5.2 Existing solar thermal heating plants in Germany’s district heat-
ing

By May, 2019 there were in total 34 free-standing Solar Thermal Systems (STS) with an overall
capacity of 44 MWth, respectively 62.700 m2, installed in Germany. According to Pauschinger
et al. [2019a] there were 19 MWth (23,200 m2) in the process of implementation or planning.
Eleven out of these 34 STS facilities in operation were built in the phase between 1995 and
2012 and financially supported two former research and development funding programs: "So-
larthermie2000 " and "Solarthermie2000-plus". [Pauschinger et al., 2019a]

Figure 4.5: Overview of the in 2019 existing Solar District Heating 34 projects in Germany and
the ones in preparation (29) and planning (7) - Source: [Pauschinger et al., 2019a]

In terms of the size of the collector field there are two milestones of STS in Germany. The first
is the SDH of the city of Senftenberg in Brandenburg with an installed capacity of 8,300 m2
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illustrated by the biggest circle in the eastern state of Brandenburg in Figure 4.5 - subsection
’Good Practices’ (see 4.6) further depicts the project. Secondly, the SDH of Ludwigsburg
in Baden-Württemberg that has a planned collector area of 14,000 m2 [Pauschinger et al.,
2019a] is displayed in the south-west of Figure 4.5 that is under construction and is expected
to start operation in May, 2020 [Stadtwerke Ludwigsburg-Kornwestheim, 2020]. According to
information given by Solites as of 2019, in total 9 (Bio-)Energy-Villages do have a SDH with
solar collector field sizes between 1000 and 3000 m2 installed (I only know of two) - the source
does not state how many are combined with BM boiler capacities. Five out of these nine SDH
systems were implemented in 2018. [Pauschinger et al., 2019a]

4.5.3 Solar thermal growth potential in Germany

A research team Hansen and Vad Mathiesen [2018] concludes in their study that STS have a
role to play in the future energy system so or so, mainly because of two reasons. First, they
release the pressure from scarce resources - for instance biomass. Second, they help to supply
heat at places where no alternative (other renewable) heating sources are available. At the
same time STS are mostly interesting for smaller settlements (such as BED) and not for larger
DH areas in dense urban dwellings because of the space requirements and the land prices. For
the case of Germany, the same research team calculated that with solar thermal penetration
of 20-50% the solar thermal potential for heating is at 15-60 TWhth annually respectively 3 -
11 % of the total heat production.[Hansen and Vad Mathiesen, 2018] A study on Germany’s
heating transition concludes that 100 TWhth of solar thermal heat is a feasible scenario for
Germany within the next 25 to 35 years [Kunz and Kirrmann, 2016, p. 30]. It further states
- also taking electricity generation by photovoltaics into account - that open areas and roof
areas will not be the limiting factor for solar thermal energy supply in Germany to reach 14%
(equivalent to 100 TWhth) [Kunz and Kirrmann, 2016, p. 24]. Basically due to Germany’s
current funding and subsidy situation as depicted in Section 4.7.1 it is estimated that installed
capacity of SDH is expected to grow threefold in relation to the installed capacity of 2018. A
prognosis of the SDH’s market development forecasted the number of facilities to double to 70
by 2023 which corresponds to a role-out of 95 MWth respectively 135,000 m2. According to the
authors the prognosis is based on "concrete realisation, tender offers, planning processes and
feasibility studies of large-scale solar projects" [Pauschinger et al., 2019a]. The integration of
large solar thermal collector fields (<10,000 m2) represent the with over 75% the lion’s share
of newly installed applications.

Anyhow, the growth rates of STS were too low to reach the goals set in 2015 by Germany’s
Federal Ministry of Economy and Energy (BMWi - ’Bundesministerium für Wirtschaft und
Energie’). The BMWi set a scenario ’Renewable Energies’ the energy-efficiency-strategy aims
at increasing the solar thermal capacity from 3 TWhth/a in 2008 to 80 TWhth/a by 2050,
while District Heating is supposed to be unchanged also at 80 TWhth/a.[BMWi, Pauschinger
et al., 2019a] Assuming that in the intermediate run the solar fraction is at 15% respectively
12 TWhth/a. For that assumption it is required to install 30 M m2 respectively a capacity of
21 GWth of solar thermal collectors until 2050. This corresponds to an average annual new



CHAPTER 4. THEORY: BIOENERGY-VILLAGES AND SOLAR DISTRICT HEATING29

role-out 1 M m2 respectively 0.7 GWth. The overall required area is only 60 km2 or 8x8 km.
[Pauschinger et al., 2019a]

According to a presentation of a working committee meeting on "efficient cities" Erfurt in Febru-
ary, 2017 the potential for Germany’s SDH for the year 2030 is to be 36 TWhth/a - according
to an BMWi/Prognos AG estimation from 2015. The same presentation also refers the Frauen-
hofer Solar Institute’s prognosis from 2013 estimating a potential of 27 TWhth/a by 2030 of
which 17 TWhth/a are expected to be installed in DH Systems.[Facharbeitskreis Effiziente Stadt
and Ritter XL Solar, 2017] (Note: presentation retrieved via personal correspondence with a
researcher from Lund Unversity)

4.6 Good Practises for Solar District Heating from the
northern hemisphere

In the northern hemisphere, pre-assumingly under similar conditions as the BED in Germany
several SDH projects are found that can serve as examples respectively Good practices. The
Solar Fraction - the share of annual energy generation by solar technology - of these systems
ranges between between 20% and 100%.

Drake Landing Solar Community, Canada - almost 100% Solar District heating: has
52 residents and is located in Okotoks, Alberta, Canada. The SDH systems consists of 800 solar
thermal collectors on rooftops that provide a total aperture area of 2293 m2 and can generate
up to 1.5 MWth and also a seasonal underground ’Borehole Thermal Energy Storage’. [Drake
Landing Solar Community, a] In 2019, the SDH run 12 years reliably without any unplanned
interruptions. In years, the solar fraction above 90% reaching an average of 96% in the period
from 2012 until 2016. In the 2015-2016 heating season, the total (100%) heat demand for the
houses was supplied by the CSHS.[Drake Landing Solar Community, b]

Marstal, Denmark has roughly 2,300 residents and is located on the Danish island of Ærø. Its
heat is fully supplied by a District Heating (DH) system fuelled to 100% by four different types
of RES: 50-55 % are supplied by solar collectors, 40% by wood-chips and approx. 2-3% by heat
pump (HP). The remaining energy is covered by a bio-oil fuelled back-up boiler.[Co2mmunity,
2019] In total, 18,300m m2 of STC are installed, 4 MWth of wood-chip boiler and a 0.5 MWth

HP.[PlanEnergi] that bridges the load and is put to work when cheap wind energy is available
in abundance. Further, two pit storage systems of 10,000 and 75,000 m3 were installed as
seasonal Thermal Energy Storages. The district-heating’s ownership modes is a consumer-
owned cooperative. [Co2mmunity, 2019]

In Silkeborg, Denmark: 11,000 residents are connected to the local DH network. Since
the end of 2016 it is supplied a solar fraction of 20% by SDH that has the largest aperture
field world-wide. In total, 156,694 m2 respectively 12,436 solar collectors are installed in the
SDH. With its peak capacity and and thermal storage of 64,000 m3 the SDH produces annually
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approx. 80 GWh of energy. [Arcon Sunmark, b]

Dronninglund, Denmark: has a SDH with a collector field size of 37,573 m2 installed in a
total of 2,982 solar panels. The maximum thermal power from the field is 26 MWth accumulating
to an annual calculated energy amount of 17,453 MWh/year [Dronninglund Fjernvarme et al.,
2014]. This is a solar fraction of approx. 40% of the annual heat demand[Arcon Sunmark, a].
Further, a seasonal TES was installed between 2003 and 2013 with a storage capacity of 60,000
m3. The STS is backed up by CHP run on bio-oil simultaneously delivering heat and electricity
for a heat pump. A base load of heating in this project is supplied by fossil gas. [Dronninglund
Fjernvarme et al., 2014]

Senftenberg, Brandenburg, Germany: is a city with around 25.000 inhabitants in North-
Eastern Germany in the federal state of Brandenburg in the region of Lausitz, that is know for
its open-pit lignite mines. In total 10,000 households are connected to the DH of Senftenberg
which is mainly fuelled by fossil gas and Germany’s largest solar thermal collector field (2.2
ha) consisting of 1,680 collectors that generates during 1,700 hours annually around 4 GWhth.
[Kommunal Erneuerbar, 2016] The STS is able to deliver almost full base-load during the
summer months. [Agentur für Erneuerbare Energien, 2016a]

Neuerkirch und Külz, Rheinland-Pfalz, Germany: Since 2016, a combination of a
biomass power plant and a STS meets the annual total heat demand of 3.1 GWh of in to-
tal 140 households. The STS is thereby designed to cover 20% of the annual heat demand and
to supply 100% of the base-load energy so that the two wood-chip heating plants can be turned
off during the summer time. [Agentur für Erneuerbare Energien, 2016b]

4.7 Present subsidies, funding programs for Solar Thermal
Heating in Germany

This section seeks to give an overview of the different fundings relevant SDH and BED in the
course of this report.

4.7.1 German Renewable Energy Source Act - EEG-funding

The Renewable Energy Source Act (German "Erneuerbare Energien Gesetz", short ’EEG’) is a
law that was passed intending to promote the role-out and installation of electricity generating
capacities in Germany based on Renewable Energy Sources (RES). The law primarily regulates
the favored use of electricity generated by RES and prescribes a fixed payment or price of
electricity for the electricity suppliers.[E-wie-einfach] The first EEG was passed in 2000 and
the currently valid last amendment to adjust the law to Germany’s environmental and political
goals is in force since January 2017 (EEG 2017) - this amendment is also valid for all biomass
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and biogas (electricity generating) facilities taken into operation from that date onward. [FNR,
a] According to the first paragraph (§ 1) of the EEG’s goals and purposes are four-fold.
First, enabling a sustainable development in the interest of the climate and environment. Sec-
ond, decreasing the costs of energy supply by including long-term external effects. Third, the
preservation of fossil energy resources and fourth, supporting the development of technologies
to generate electricity from renewable energies. [Umwelbundesamt, 2019]

The base period for the funding is 20 years. RES facilities with a capacity of up to 100 kW do
have a guaranteed fixed financial compensation for the electricity fed into the grid. The com-
pensation depends on the type of RES. Due to the technological developments and decreasing
costs of RES facilities the subsidy period is limited. [Umwelbundesamt, 2019] Flexibility pre-
mium is a financial premium of the EEG2014 law. In order to promote the flexible operation
of the RES capacities only half of the installed capacities (> 100 kWel) is financially supported
in combination with a financial premium of 40 EUR / kWel over 20 years for the total installed
capacity.[FNR, a] For existing facilities that have not made claim of the flexibility premium
of EEG2012 the premium stays the same, which means 130 EUR/year for each additionally
flexibly provided additional kWel capacity for a maximum duration of 10 years. [Umwelbun-
desamt, 2019] Since August 2014, the total extent of the premium is limited to 1,350 MWel.
[FNR, a] In case of electricity generated by wind or photovoltaics the market premium starts
at 750 kWel, in case of the biomass-facilities at 150 kWel and above. [Umwelbundesamt, 2019]
In 2012, 2014 and 2017 the framework conditions for the EEG-fundings of BG facilities was
changed, so that until 2030 many of the installed BG-facilities will stop to receive the EEG
funding - which leaves the BG operators with the central question on possible future pathways
of their BG facilities[Daniel-Gromke et al., 2020]. By 2030 55% of all BG facilities and 66%
of the installed capacity will not continue their operation[Daniel-Gromke et al., 2020, p.21].
Consequentially, the scientific officers see three different types of operational modes unfolding
for the BG facilities: 1. Reduction of the substrate and thus less electricity production, 2. the
flexibilisation of the BG and electricity production (see passage above) and/or 3. the switching
to Bio-methane refinery.[Daniel-Gromke et al., 2020, p.21-22]

4.7.2 Subsidy programs for Solar Thermal in Germany

There have been Research and Development (R&D) programs for SDH by the federal govern-
ment of Germany. Between 1995 and 2012, there were two of such programs that supported
in total 11 solar thermal systems from the first development until their operation. These pro-
grams were accompanied by scientific monitoring programs to evaluate and proof economic
and technical feasibility. [Lottner et al., 2000] Further, there are present funding programs on
the federal as well as the state levels. This section will further explain the main subsidy and
financial incentive schemes for large-scale STS and also SDH in Germany. It will not explain in
detail federal state fundings on large-scale STS and SDH - such as the local SolnetBW program
in Baden-Württemberg. [Landesanstalt Umwelt BaWü]
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’Renewable energy - premium’ No.271 by Germany’s KfW-bank

The ’renewable energy - premium’ no. 271 is a credit by the KfW bank, which is a German
state-owned development bank and the third largest German bank by balance sheet. The
renewable energy premium No. 271 aims at large-scale RES generation facilities and is basically
an extension of the premium 270, that aims at smaller-scaled RES facilities. Premium No. 271
is basically a state-aided loan with an annual percentage rate of at least 1% (depends on the
reliability of the borrower) and a maximum amount value of 25M EUR. Further, it is disposed
of an allowance of the amortization up to 50%, which means that the liable party does not
have to pay back the full amount - depending on the loan’s conditions. Among the fundable
technologies there are large-scale solar thermal systems, large biomass boilers, renewable district
heating networks, large thermal energy storage systems, large-efficient heat-pumps, facilities of
combined-heat-power and pipelines for unrefined bio-gas. The target group of of the premium
No.271 are enterprises, private persons, farmers, municipalities, communes, cooperatives and
contractors (utility companies). [KfW and BMWi, 2019]

Solarthermal funding by BAFA

The BAFA - Germany’s Federal Office of Economics and Export Control (’Bundesamt für
Wirtschaft und Ausfuhrkontrolle’) also subsidizes the STS and SDH in a program called "Wärmenetze
4.0", equivalent to district heat networks 4.0, which is split up into four modules. The first
funds a feasibility study with up to 600,000 e , the second, with up to 50% and a maximum
of 15 M e installation costs are covered, the third funding-module funds up to 200,000 e for
informing residents about a potential connection, and a fourth funding of up to 1 M e for
academic institutions that accompany the project. BAFA [2020]
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Summary from the theoretical framework (Chapter 4)

• Bioenergy-Villages’ district heating are mainly (50%) supplied by non-space-efficient
bioenergy fuels, which is leading to land-use conflicts and domestically limited resources
in Germany.

• Biogas is often used to supply base load, and it is produced by mono-culture corn. EEG-
funding on BG will therefore be stopped after 20 years (exceptions exist).

• Proposals exist to transform Bioenergy-Villages into Renewable-Energy-Villages.

• (Bio) Energy villages rely on different legal forms (eG, GmbH, GbR) to organize their
heating system.

• The share of renewable energy supply for heating in Germany is 14.5%, 65.7% of which
was biomass and 4.9% was Solar Thermal in 2019.

• In 2019, 19.3 M m2 of solar collectors was installed in Germany, of which only 62,700 m2

(44 MWth) was SDH.

• In 2019, approximately 34 large-scale solar thermal systems (STS) existed in Germany -
not all of them were SDH.

• Different studies estimate the technical potential for large-scale STS to be between 15-100
TWhth and SDH is expected to have a significant share in it.

• Various SDH projects in Denmark, Canada and Germany exist and can serve as examples
of Good Practices.

• Funding programs and subsidy schemes exist: namely KfW-Kredit, and BAFA’s
Wärmenetze 4.0 for SDH. EEG-funding on electricity from BG is being phased out.



5 | Techno-economic potential of solar
district heating

The following methodological framework was developed to answer the second sub-research
question posed in the problem formulation 5.1:

How can the techno-economic potential for Solar District Heating in Bioenergy-Villages be as-
sessed in terms of energy demand, area and price and what groups of Bioenergy-Village show
to have a high potential for the application of alternative heat supply technologies?

The methodology used in this chapter is based on two interwoven methods M2.1 and M2.2
which are depicted below in Figure 5.1. The methods applied feed on the data-spread-sheet
(Appendix 1 - external Excel-document) created on data-sheet information about demand (red,
dotted line) and supply side (green dotted line) of the BED’s district heating. After creating
a data-spread-sheet of all BED three criteria sets were selected while taking an underlying
theoretical framework (see 4) based on literature review (M1) into account. Consequently,
there are three criteria that form groups of BED with a high potential. These are presented in
5.2 according to their installed BM and low BG capacity (green color) respectively the year of
first installed BG capacity (red color). A third selection was, if SDH technology was applied
in BED. Two BED were found that served as Good Practices as a basis for the analysis on
the socio-organisational potential (see (M4) barrier analysis with semi-structured interviews -
Chapter 7). In a separate analysis the BED’s and pBED’s internal techno-economical potential
was determined (below in Figure 5.1 see 5.3). Therefor, the demand side information from the
MCA’s data-sheets was filtered based on two criteria (supply rate and heat demand equal) and
the data subsequently processed to estimate the heat demand potential of the BED. Based on
the heat demand the potentially required SDH collector field area was calculated equal to cover
covering a solar fraction of 20% annually. Last, the price of equipping these BED with SDH
installations was determined with a price regression-curve.

34
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Figure 5.1: Methodology developed to assess the techno-economic demand side potential (M2.2)
and to find groups of BED with a high supply side potential (M2.1). It includes methods of
Multi-Criteria-Analysis (M2.1) and Techno-Economic demand potential based on a spread-sheet
(Microsoft Excel)

5.1 Methodology: (M2.1) Multi-Criteria-analysis and (M2.2)
Techno-Economic Potential

5.1.1 Introduction Multi-Criteria-analysis

Often decisions are being made based on intuitions, but when stakes are high, a Multi-Criteria-
Analysis (MCA) can help to structure the problem and evaluate a situation. Usually, MCA is
used to combine different results of analyses from different disciplines combining for instance
social, sustainability, environmental and technological analyses - e.g. a transdisplinary study
using MCA to evaluate energy scenarios for a planned Bioenergy-Village in Germany. Wilkens
and Schmuck [2012] There are further examples how MCA are applied to RES planning, such
as an analysis of energy system transformation pathways in Switzerland [Volkart et al., 2017]
or used for RES integration in India [Vishnupriyan and Manoharan, 2018]. This range of
applications show that the MCA is not used for a specific case, I therefor decided to make my
own MCA to analyse the demand and supply-side potential based on the multi criteria found
in the data-sheets of the FNR. I make use of the MCA in a different way since this analysis
seeks to find well suited BED and pBED for the application of an alternative RES technology,
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but focusing SDH. The MCA shall aid me choosing the ’best’ suited BED over many. After
building a quantitative data-base presented in 5.1 of all BED, one or various criteria can be
selected and also be weighted differently.

5.1.2 Data collection process, building a data base of BED

In order to find the BED with a high SDH potential, but also to determine the techno-
economical potential, information on the demand and supply side of the BED was needed.
The "agency for regrowing resources" ("Fachagentur für nachwachsende Rohstoffe") (FNR) In
consequence, the FNR’s homepage offers two different lists of BED. First, the list with offi-
cially (i) acknowledged BED (green in 5.1) with a bioenergy (biomass (BM) and bio-gas (BG))
fraction of at least 50% on the production side of both electricity and heating. Second, a type
"waiting-list" of (ii) planned BED (brown in 5.1) that are have their heating energy system
currently in development towards the FNR’s definition (see also 4.1). For each BED and pBED
exists a data-sheet of usually one to three pages comprising information on both the demand
and supply side of each BED. After investigating the field of BED in detail, I concluded the
FNR data-sheets constitute the best general data-source of the BED and pBED available. Hy-
pothetically, only a case-to-case in-depth analysis or a new survey would create better data on
the different BED. This was confirmed by a later interview with Dr. Hansen (see subsection
7.3.1 and ANNEX 2 (external document) ). In a reviewing process of all 204 data-sheets I
obtained relevant information and noted it in a spread-sheet (based on Microsoft Excel) that
together with the criteria in Table 5.1 make up the basis for the the following analyses and
results.

Quality and limitation of data-source

The Period of data extraction started in beginning February 2020 when the FNR-data base
contained (i) 159 acknowledged BED and (ii) 45 planned BED. During the research process the
number of acknowledged BED changed to 163 (May, 19th 2020). The accuracy of data of
data is relatively good, since data-sheets of the FNR are clearly structured and were filled out
by the specific proposed or applying project owner. Though the method of "data-sheet creation"
changed during the time when the data-sheets were created according to a phone-call with Dr.
Hansen. Hence, the accuracies of the described energy capacities and systems deviate from one
data-sheet the other. Detailed information on annual load or production curves is not available
in the data-sheets, thus no case-specific in-depth analysis of the sustainable energy systems can
be conducted from the data-sheets. In order to do that one would need to get in touch with
the energy managers of the respective BED. Some quantitative data described available in the
data-sheets was deliberately not included into the Excel sheet. First,(Fossil-fuel) backup
boilers were excluded from the data set, as this thesis aims at finding and supporting an
approach of building a heating sector totally fuelled by a mix of bioenergy combined with other
resources, since biomass has downsides such as the limited potential (see 4.2.2 and use of 1.
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generation biomass (4.2.6. Second, the annual energy demand of the BED’s DH systems was
in the majority of cases not given, therefore I decided to make an estimate of the number of
residents and households (see 5.1.4) where data was available in 154 out of 159 BED and 43
out of 45 pBED.

5.1.3 Supply side data - process of extraction, assumptions and ex-
trapolations

This section presents how information on the supply side of the BED was extracted and which
assumptions were made to complete the data-sheet (see Annex 1 (external Excel document)).

Supply side data extraction: Biomass and Biogas capacities

If the renewable energy share or the solar fraction of DH is to be increased, information on
biomass (BM) and (b) biogas (BG) boiler capacities installed in each BED is required. In many
BEDs there are ’combined heat and power’ (CHP) units installed that generate electricity and
heat, which is fed into the DH systems. The data on the BM and BG capacities of the CHP
were excerpted under the following three rules. First, the information on the rated capacity
"X" of a CHP plant (both BM or/and BG) was given, but it remained unclear it was electrical
or thermal power, the rated capacity was saved as "X" in both electrical and thermal. Second,
when only one electrical capacity of the CHP was given, the thermal value was determined to
be 10% higher (technical advise by a colleague at Aalborg CSP). So for instance, if BGel is 100
kWel, the BGth was concluded to be 110 kWth. Third, if the thermal capacity was given, the
electrical capacity was extrapolated. Furthermore, I distinguished the bioenergy facilities BM
and BG since different economic, subsidy and technical framework conditions applying to the
two biomass technologies. Generally, the data availability on capacities of BG and BM can
be described good. Only our out of (i) 159 acknowledged BED and four out of (ii) 45 pBED
had no quantitative data available on the capacities of the BG and BM facilities. The year of
start of bio-gas operation was also extracted since in case of re-powering measures it was
considered likely that old BG CHP plants or boilers could be replaced by or supplemented with
a solar thermal system. Today, as described in subsection 4.2.6 BG is often used as a base-load
in DH systems and further EEG-subsidies are likely stopped after 20 years (see 4.7.1).

Wind and photovoltaic capacities

Though, the focus of this paper is the implementation of STS into the BED’s DH, the wind
and photovoltaic (PV) capacities were also extracted from the paper. This was done, since the
second analysis (see 6) further discusses the external RES potentials and seeks to analyse the
residue biomass potential of each BED - which should be included into the planning and building
district heating system 100% RES energy sector. Wind and PV electricity and availability need
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to be taken into consideration when acting upon the recommendation to couple the energy
sectors (in this case with the electricity sector) via for instance heat-pumps or power-to-heat
[Lund et al., 2014]. For BED with DH systems HP powered with abundant electricity from
wind and/or PV at times of fluctuating electricity abundance is expected to play a decisive role
in future DH systems.[Hadorn, 2010]

Installed solar thermal collector and thermal storage capacities

In order to find Good Practises among BED and pBED that already make use of SDH the
information on if they have solar thermal collector (STC) fields installed were noted as well.
In total, five BED projects seemed to comprise SDH. Further, the information on the thermal
energy storage (TES) also were noted, since thermal storage is required if the solar fraction is to
be lifted over 20% (see Good Practises4.6) and thus another group with a high SDH potential
could be described.

5.1.4 Heat demand data: residents and households

This chapter seeks to give of how the data relevant to extrapolate the heat demand was obtained
from the FNR’S data-sheets and how it was corrected.

Number of households and residents of the DH in BED

In order to extrapolate the heat demand I extracted the size of the DH system of each
BED/pBED by obtaining total number of households and residents of the FNR data-sheets.
95.6% of the data-sheets had numbers of the residents on which basis the heat demand of
the BED could be approximated. In some cases, additional information on heat demanding
infrastructure such as town-halls, community centers, swimming halls etc. was available in the
data-sheets, which was not obtained since I assumed that the consumer load of these demands
varies strongly and cannot be generally quantified.

Supply rate and connection rate

The CR refers to the relative amount of households that have a physical connection to the DH
system in regard to the total number of households available for connection within that BED
or pBED. The SR refers to the amount of energy the system is able to deliver within a certain
amount of time (usually it is referred to one year). 84.3% of the data-sheets provided data
for the Connection Rate (CR) while only 10.1% for the Supply Rate (SR). The ratio between
the SR and the CR has been determined to be at 1.26 by own calculation as 11 data-sets had
information on SR and CR available, so that it could be used for a SR extrapolation from
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the CR values. Thus the SR is 26% higher than CR. Often the CR was not given or indicated
directly in the FNR’s data-sheets. With the help of the total (a) number of households available
to the DH system and (b) the number of connected households a CR could be calculated by
division:

CR = Householdsconnected/Householdstotal,planned (5.1)

The physical connection rate CR for the BED is determined to be on average at 58.9% for
BED and 42.4% for pBED. If the supply rate (SR) was available it was taken directly. If not,
the CR was taken instead. If both values were not available the average CR of 58.9% (BED)
respectively 42.2% (pBED) was assumed as SR. I met the assumption CR to be equal to SR
considering the likelihood of a strong correlation between the CR and SR values (confirmed by
Dr. Hansen from interview (i-1) and personal correspondence).

5.1.5 (M2.2) Techno-Economic demand side potential

This and the subsequent sections explain how the techno-economic heat demand potential based
on the FNR data-sheets was assessed.

Heat demand calculation, interpolation and correction

In order to extrapolate and derive the annual energy heat demand (HD) for space and water
heating of Germany’s BED the energy usage is taken. In 2017, according to BMWI’s data 447.8
Peta Joule energy were used for warm water and 2472.2 PJ for heating in Germany. At the same
time, the country counted 41.3 Million (M) households and 82.9 M residents. Consequently,
2.01 persons per household on average. [BMWI] and the following annual heating demands:

1. Average household’s heating demand in Germany: EHH,BRD=19637.4 [kWhth/a*household]

2. Average resident’s heating demand in Germany: ER,BRD= 9786.9 [kWhth/a*person]

In order to determine the differing annual HD of each BED (HDpBED and (HDpBED) a correction
based on the residents per household were included into the calculation of the HD of BED (see
below 5.2) respectively pBED (see below 5.3). In Germany, on average 2.01 residents live in a
household, whereas with the help of the data that in DH systems of the BED 2.65 residents
(RBED) per BED-household (HHBED) were determined - respectively 2.40 residents (RpBED)
per pBED-household (HHBED). Note: the heat demand calculated for the BED and pBED
is only the heat demand of the residents and households and does not contain demand for
additional buildings.

HDBED = 1/2 ∗ EHH,BRD + 1/2 ∗ (RBRD ∗HHBED/HHBRD ∗RBED) ∗ ER,BRD (5.2)
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HDpBED = 1/2 ∗ EHH,BRD + 1/2 ∗ (RBRD ∗HHpBED/HHBRD ∗RpBED) ∗ ER,BRD (5.3)

5.1.6 Conversion to size of solar collector field

In order to extrapolate the size of the collector field a high-quality solar thermal collector by the
Austrian producer GREENoneTec (GoT) was utilized that is being used for installations by the
company Aalborg CSP in applications in DK and also for planned SDH projects in Germany.
According to a test result this type of GoT collector yields on an annual basis 1244 kWh/m2

in Würzburg, Germany (under standard test condition - Source: Certificate of performance
[SOLAR KEYMARK]). The value for the annual yield was used and not adjusted (north or
southwards), since it is highly probable that the main uncertainties are in the heat demand
extrapolation (see above 5.1.5).

5.1.7 Assumptions for potential heating demand for Solar District
Heating in BED

Two criteria were used in order to determine the total direct heating demand in Germany’s
BED. First, the SR should be 70% or lower, so that there is 30% of annual energy demand.
The remaining third could be covered by a potential solar thermal system (STS) with a solar
fraction of 20% - ergo covering 20% of the annual heat demand as other existing centrals in
Germany and Denmark do (see Good Practices 4.6). Sizes beyond 20% are likely to require a
Thermal Energy Storage (TES) in form of warm-water reservoirs that drive up the additional
price of the SDH. Further, a solar fraction of below 20% was not chosen because the installation
of a solar collector fields require certain minimum fixed costs (see next section 5.1.8). Also a
SDH project becomes too expensive if only a small field for a small solar fraction is being
installed (see below in 5.1.8). Further, a 20% solar fraction SDH system can after a successful
operation be extended by adding solar collectors and a TES.

5.1.8 Determination of base capital price of Solar District Heating in
BED

In order to determine the specific prices of the BED’s and pBED’s SDH with a solar fraction
of 20% I used a base capital price system model based on a regression price curve obtained
internally at Aalborg CSP. The base price includes 75 m of DH pipeline system that is suited
for STS comprising up to 1500 panels (approx. 18,500 m2), piping and pipework in the solar
field, erecting and price of mounting systems, instruments in the solar field and programming,
technical house with equipment (pumps, heat-exchanger, valves etc.), installation prices for
mounting systems, solar collectors, material transportation, engineering work and overhead for
the company. Excluded are the accumulation thermal storage (remember: solar fraction is
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set to 20%) and the integration price into the existing DH system. Consequently, the base
price of the whole SDH installation is represented by the blue curve depicted in Figure 5.2
which is based on 19 different STC field sizes calculated with effective areas between 1,856 and
37,110 m2 - respectively an equivalent to 150 to 3,000 GoT panels. (Note: thanks for providing
information to my colleagues Lasse Kristiensen and Jes Donneborg)

Figure 5.2: SDH system base capital price determination: Relation between specific SDH price
(EUR/m2) and effective aperture field area (m2) based on internal information by Aalborg
CSP)

The larger the solar collector field, the lower becomes the specific m2-price of the whole SDH-
installation because costs for planning, engineering, technical equipment (e.g. technical house).
These investment costs need to be invested independent of the SDH’s scale making up a certain
base fixed price. The orange curve shows the corresponding regression trend-line of the blue
curve that was approximated with the program Microsoft Excel and is represented by the
following equation:

Price(EUR/m2) = 10, 896 ∗ AreaAperture(m
2)−0.372 (5.4)

The function was subsequently used to determine the specific prices of the SDH systems mainly
dependent on the different solar field sizes obtained for the BED and pBED. The coefficient of
determination of the approximation is at R2 = 0.954 and calculated by Microsoft Excel (orange
in 5.2). Consequently, the trend-line approximation (orange) of the equation below is varying
approx 4.5% of the original (blue) calculated values.
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Criteria Condition Description and reasoning for use
C1. Supply Rate: < 70 % The remaining 30% of DH can be supplied by SDH

with solar fraction of 20% without thermal storage,
+ 10% buffer for other RES (e.g. heat-pump)

C2. Collector field
size = Solar Fraction
of BED

> 1000 m2 The minimum field size was set to 1000 m2, since
the SDH price declines progressively and the im-
probability of small SDH to compete (see Fig.5.2)

C3. BM capacity: > 1500 kWth High BM capacity as BM can be (comparably eas-
ily) stored and the heat generation load shifted (to
the wintertime)

C4. BG capacity: < 500 kWth If only a small BG capacity is installed that, do
not provide too much base-load so that other RES
could be installed

C5. Age of BG capac-
ity:

Year of installa-
tion

EEG-funding stops after 20 years (see 4.7.1,
thus BG operators need to look alternative
heat/electricity sources

C6. Solar Thermal
System

Aperture area
(in m2)

Searching for Good Practices to understand how
the first BED were equipped with SDH (see Chap-
ter 7

C7.Organisational
form of BED

Type of legal
form

Differences in organisation, barrier analysis (Chap-
ter 7) and legal forms (see 7.2.1)

C8. Regional distribu-
tion

Federal states Local differences in decision-making, see also
(Chapter 7)

Table 5.1: Criteria applied in the MCA supply side (C3, C4, C5) and demand side analysis
(C1, C2) and barrier analysis (C6, C7, C8) - predetermined by FNR’s data sheets

5.1.9 Multi-Criteria selection

Table 5.1 below shows the different criteria explained in the above section that were combined
to show the BED’s overall potential for SDH from the demand side (applying criteria C1 and
C2) and the supply side (applying criteria C3,C4,C5). Further criteria, such as the regional
distribution and types of organisation forms are used for the barrier analysis of the socio-
organisational potential in Chapter 7.

5.2 Resulting supply side potentials based on Multi-Criteria-
Analysis

The first section (see 5.2.1) gives an overview of (i.) the BG and BM capacities installed in
the BED respectively pBED and shows the size of capacities installed on average. Further, the
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subsection 5.3 outlines the demand side of the different pBED and BED.

5.2.1 Biomass and Bio-gas capacities installed

The graph 5.3 depicts the average unit size on the supply side of BED (left side) and pBED
(right side) fuelled by BM and BG. The overall impression is that the installed BG and BM
capacities in the BED and pBED were scaled alike. The low electrical BM capacity indicates
that BED have almost no CHP units installed that simultaneously produce electricity and heat.
In the case of the BM facilities installed in BED (left graph) one can observe that out of the
102.7 MWth only 8.9 MWel also produce electricity. Further, the thermal capacity of BM is
very similar in BED and pBED and on average at around 869 kWth (BED) and at 842 kWth

(pBED). The ratio between thermal to electrical capacity in BM is lower in the case of pBED
(right graph), so probably more CHP plants are installed

The comparably low absolute difference between the thermal and electrical capacity of BG
(both graphs) indicate that BG is mostly burned in CHP plants - in both BED and pBED.
These CHP plants fuelled with BG seem to supply base load heat into the DH system, which
would make it hard to append such a system with another base load producing technology such
as SDH.

Figure 5.3: Biomass and biogas average sizes of capacities installed in BED and pBED

Figure 5.4 shows in two bar graphs: the top graph shows the total thermal BG and BM
capacities installed while breaking them down into the individual capacity sizes. The bottom
bar graph shows the total amount of BED respectively pBED in each of the the occurring
capacity size groups. To give an example on how to read Figure 5.4: taking for instance the
last bar graph "BM > 1,500kW" into regard: it means for the BED (green color) that in total
59.5 MWth BM are scaled larger than 1.5 MWth that are installed in 13 different BED. And
two pBED (yellow) projects which have a total of 5.8 MWth BM capacity installed.
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Figure 5.4: Total capacity (top graph) and total amount (bottom graph) of thermal biomass
(BM, right side) and biogas (BG,left side) capacities installed in BED (green) and pBED
(yellow) grouped according to their size

5.2.2 Year of first installation of bio-gas facilities

Figure 5.5 shows the years of the first installation of the BG facilities in the different pBED
and BED. In total nine BG facilities have been installed until 2005. Note: only the available
years of installation are depicted, which is 71 out of 159 (BED) and 14 out of 45 (pBED).
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Figure 5.5: Year of installation of first biogas facility of the BED (green) and pBED (orange)

5.2.3 Good Practices: Bioenergy-Villages with solar district heating

Initially, the data-sheet indicated that there are five BED/pBED having larger-scale SDH
installed which turned out to be only two within the research process. These two projects are
subsequently portrayed. The first portrayed BED is Mengsberg located in the federal state
of Hessen, with a DH system that has use heat demand of approx. 5 GWhth annually. Since
2018 it has a net solar collector field of 2,755 m2 and 224 panels that cover a solar fraction of
99 % in summer time and 17 % in winter time. A wood-chip-boiler covers 81 % of the annual
supply.[Viessmann GmbH, 2020a] Second, the BED Moosach which is located in Bayern (BY)
and has a running SDH since February, 2019 with a gross field area of 1,067 m2 respectively
81 panels. Additionally, 1,450 kWth of woodchip-boiler capacity is installed to cover the 2.3
GWhth annually. Further, the DH system has a solar thermal energy storage with 100 m3

storage capacity covering five to seven days of heat supply. [Viessmann GmbH, 2020b]

5.3 Resulting Heat Demand and Solar District Heating Po-
tential of Bioenergy-Villages

The total Heating Demand (HD) of the BED and pBED is depicted in this chapter further
explaining how it relates to the potential solar fraction. Further, the potential total aperture
area of the solar thermal collector fields needed to supply the BEDs with this solar fraction
and a subsequent distribution of the installation costs.
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5.3.1 Resulting heat demand of Bioenergy-Villages

Figure 5.6 displays in two pie charts the absolute heating demand of the 159 BEDs (left graph)
and the 45 pBEDs (right graph). Further, their respective potential share of the annual energy
demand for the solar fraction (set to 20%) split up into the potential sizes of the installment
that are ordered according to the annual energy demand.

Figure 5.6: Total heating demand of BED (left) and pBED (right) with potential solar fraction
(20%) broken down into the annual demands of the BED for STS or SDH

5.3.2 Aperture area required to supply BED demand with SDH

The graph 5.7 below displays BED projects that fall into the category of (i) having a SR of less
than 70% and (ii) showing to have an annual heating demand that is higher than what equals
an effective aperture area of 1000 (variable) m2. Out of in total 104 BED and 35 pBED with
a higher SR than 70% 56 BED and 18 pBED show to have the heating potential for a solar
collector field area of 1000 m2 and more. The collector fields larger than 1,000 m2 make up
159,000 out of 181,000 m2 for the BED and 78,000 out of 88,000 m2 for the pBED.
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Figure 5.7: Potential size of effective solar thermal collector (STC) field area (yellow) of (i)
BED and (ii) pBED and number of potential projects with < 70% supply rate

Figure 5.8 below depicts the distributions of the SDH effective collector field sizes of the 74
BED and pBED that show to have heat demand high enough so that their respective solar
fraction of 20% equals at least 1000 m2 effective collector area. The bulk of the BED is below
2,000 m2, while 36 BED show to have a potential of between 2,000 and 5,000 m2 collector field
area. The average collector field area of the potential SDH for all 74 villages is 3,219 m2 and in
total added up 238,216 m2. The smallest effective field area is 1013 m2 (Lingelbach) and the
largest 18,375 m2 (Morbach).

Figure 5.8: Distribution of potential solar thermal collector (STC) field areas of the 74 BED
and pBED applying C1, C2 from Table 5.1 - ergo those with 1,000 m2 applying a solar fraction
of 20% to the BED’s heat demand.
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5.4 Price for equipping potential BED with Solar District
Heating

The Figure 5.9 below depicts two graphs showing the distributions of the total (right graph)
and m2-specific (left graph) installation price of the SDH according to a price determination
conducted according to section 5.1.8. The price of the average SDH installation in the BED
and pBED is at 1.64 M e with an average specific price of 607 e /m2 and 3,219 m2 aperture
area.

The price range is from the smallest project with 1,013 m2, a specific-price of 830 e /m2 and
thus approx 840,000 e as a total base capitcal prices to the largest SDH field would comprise
18,375 m2 (Moorbach), a specific price of 282 e /m2 and a total base capital price of 5.19 Me .
The 27 BED projects with a specific price <6 50 e /m2 range between 1,013 and 1,883 m2.

Figure 5.9: Distribution of the specific (left) and total (right) base capital prices of SDH
installation in the 74 suitable BED with more than 1,000 m2 (C2) and 70% supply rate assuming
a solar fraction of 20% (C1).

In total there are 18 projects where the installation would cost less than 1 M e and only three
BED where a the SDH is over 3 M e . If the whole area of 238216 m2 of all suited 74 BED and
pBED would be equipped with SDH the base capital price is at 121 M e . Note: all prices do
have a deviation of at least +/- 4.5% determination via the regression curve (see section 5.2)

5.5 Summary, limitations and outlook

The table below summarizes and starts to discuss and concludes the data presented in the
above sections.
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Summary and conclusions from chapter 5 further discussed in chapter 8)

• Generally, there are not many BM-CHP and more BM-boilers installed in the BED-group,
which bodes well for SDH since no EEG-funding can run out.

• pBED have a comparatively higher share of BM-CHP (combined electricity and heat)
installed than BED (probably due to EEG-funding), thus positioning a bit worse for
SDH as they are dependent from the electricity sector.

• In total, a group of 15 BED have thermal BM capacities of more than 1,500 kWth, which
presents a possible opportunity to combine with SDH.

• A second group is made up by 9 BED have BG CHP-facilities installed before 2005 in
the 159 BED, which might need to be replaced soon after 20 years of EEG-funding. (See
4.7.1)

• Potential demand for SDH is at 310.7 GWhth/a for all 159 BED and 113.1 GWhth/a for
45 pBED, which is equivalent to around 180,900 m2 and 88,300 m2 respectively of solar
field area that have a supply rate of over 70%.

• Applying additionally criteria of (C1) solar fraction of 20% (no TES) and (C2) minimum
of 1,000 m2 summed up around 238,000 m2 (total) of effective aperture area could be
installed.

• The non-subsidized capital price of SDH is 607 e /m2, so installing SDH in all BED and
pBED with criteria (C1,C2) would have a base capital price of approximately 121 M e .

• 8 BEDs and pBEDs show to have specific installation prices of less than 450 e /m2 total
capital prices of more than 2.6 M e - due to the comparably large sizes of the solar fields.

Conducting an overall multi-criteria meta-analysis of the BED’s techno-economic potential was
accompanied by the limitations of the method due to gaps in the information of the data-
sheets by the FNR. On one hand, the accuracy of the data on the BED created the opportunity
to conduct this type of analysis. On the other hand, as time-series, peak-loads, and base-loads
data were not available, no in-depth analyses could not be conducted. The same applies to
the extrapolation of the DH’s heat demand for the BED. Assumptions based on the number of
households and residents of each village needed to be made to determine their heat demand.
Additionally, the FNR’s data sheets are from 2017-2019 so that the present situation could not
be 100% depicted.

A potential outlook from meta-analysis is that now, after the first peak of the COVID-19
pandemic, the specific groups of BED based on the criteria described are known. Developing a
computer model of the heat energy system should be conducted now in order to demonstrate
that SDH could be a viable option. Subsequently, I would recommend sharing this with the
top "high potential" (according to criteria C1 to C5 in Table 5.1) BED and pBED for further
in-depths analyses.



6 | Analysis of the external resource
potential of biomass residues of BED

The first analysis aimed at the internal techno-economical potential that depends on both the
internal parameters of the BED respectively pBED, but also to provide a tool that aids to choose
specific BED due to their characteristics on the supply side (see 5.3). However, the technological
potential of the individual RES and their share in the supply of the BED depends on outside -
or external - availability of renewable energy sources (RES). The availability of different RES
varies strongly with the location of the BED. To give two examples: a BED in the northern
German state of Schleswig-Holstein (SH) with abundant wind electricity can be estimated to
have a higher potential for heat-pumps or power-to-heat. Another BED located in southern
state of Bavaria (BY) has probably a higher potential of solar radiation and thus PV electricity,
that can also be used for heat-pumps. There is a series of RES that represents and affects the
external technological resource potential based on the different energy conversion technologies.
Each rural village and thus BED possibly has its own specific generating potential from an
individual RES-mix - whatsoever this chapter focuses on analyzing the bioenergy potential
as an exemplified, and biggest external energy potential supplying BED and thus assumingly
directly impacting the utilization of SDH and of course the whole energy-mix of each BED. The
section below depicts the different RES external potentials relevant for BED while outlining
the choice of bioenergy- respectively biomass as central subject of the analysis. Overall, this
chapter seeks to answer the following 3rd sub research question:

To what extent can other external technological renewable resource potentials be considered
and how can their influence on the application of the usage of solar thermal systems in the
Bioenergy-Villages’ heating sector be quantified?

6.1 Different potentials of renewable energy

In order to transform an existing ’Bioenergy-village concept’ towards a ’Renewable-energy-
village-concept’ - as some scholars argue [Jenssen et al., 2014] - it is necessary to understand
the existent RES technologies and their immediate adjacent potential to contribute directly to
the electricity or heating generation. The list below enumerates RES that have potential effects

50



CHAPTER 6. ANALYSIS OF THE EXTERNAL RESOURCE POTENTIAL OF BIOMASS RESIDUES OF BED51

on the supply of the heating system of villages via the technologies of heat-pumps, power-to-
heat, and solar-thermal. I consider it of capital importance to understand the context of each
BED, by understanding primarily the unique potential of bioenergy that supplies, today, the
lion share of the BED’s energy production - compare BED’s definition section 4.1.

1. Bio-energy potentials of biogas and biomass in the region of the BED.

2. Electricity potential of other RES-capacities, most importantly wind and photovoltaics:
"wind-map" and "radiation-map"

3. Solar Thermal Potential map that depends directly on two parameters: (a) Global Hori-
zontal Irradiation (GHI) and (b) the ambient temperature

4. Geothermal energy availability.

5. Space availability: site for solar thermal collector field (can also be allocated as internal
characteristics)

6.1.1 Why to focus on biomass?

As described in subsection 4.2.3 the potential of biomass (BMP) is almost completely utilized
in Germany. In consequence, if the solar fraction - or also other renewable energy fractions - of
the energy production in the BED and pBED is to be increased, it is crucial to understand the
specific remaining biomass potential of each BED in order to know where the implementation
of an alternative RES seems most urgent. The potentials of other RES also depend on external
conditions, such as the distribution of solar radiation (via the Global Solar Atlas [ESMAP et al.,
2019]), wind velocities (Global Wind Atlas [DTU Wind Energy and World Bank Group, 2018]
and ambient temperatures [Deutscher Wetterdienst, 2020]). All these specific values and data
that are comparably easy to obtain. Wind distribution depicts the potential distribution for
electricity generation that can be transformed to heat via a heat-pump and vary strongly from
north to south. The distribution of the solar radiation combined with the ambient temperature
is needed to estimate the specific potential for every BED location for photovoltaic, but also
solar thermal technology. In contrast, there are two potentials that are not easy to estimate,
which are geothermal energy and bioenergy potential. In Germany there are three areas of major
hydrothermal resources that are: the North German Basin, the southern German molasse basin
and the upper Rhein Graben. [Weber et al., 2013] This heating energy resource is also becoming
more relevant and might play a role in larger DH systems and should therefore be kept in mind,
when planning the energy system of larger BED. In contrast, also the potential of bioenergy for
specific location or radius compared to data on wind, sun and ambient temperature. There are
different estimates for the biomass potential of whole districts (NUTS3-level) on a European
level. [Hamelin et al., 2019] [Peta4]. Two online tools exist that open-source and GIS-based,
but - as to my understanding - do not allow calculate residual, second-generation biomass for a
radius around a specific location. First, the EU Hotmaps project which is a planning toolbox
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to map heating and cooling sources to support planners to develop energy strategies also on
basis of RES and CO2-Emission [Hotmaps Project]. Second, the "Heat Roadmap Europe"
project which also merges heat demand potentials with heat resources in order synchronize the
potentials these. [Peta4] The next chapter explains the method that was developed in order
to quantify and evaluate the BED’S biomass residue energy potential (REP) , that could - for
instance - influence a MCA.

6.2 Method to determine the BED-specific biomass residue
potential

Figure 6.1 depicts the setup of the (M3) methodology used. In order to determine the Biomass
Potential (BMP) of each specific BED respectively pBED a methodology was developed based
on the software Q-GIS (respectively PostGIS). Both softwares work with the Geographic Infor-
mation System (GIS) and are meant for viewing, editing and analyzing geo-spatial data. The
basis of GIS, input data and source are further explained in the following chapter 6.2.1.

Figure 6.1: Methodology of calculating an approximation of the annual energy residue potential
of biomass (a. forest, b. agricultural and c. livestock) in an 50km radius for each i) BED, ii),
(iii) pBED (BED with SDH) using GIS-software

The underlying idea of the methodology depicted in Figure 6.1 is to combine the locations
(coordinates) of each BED with data on biomass(es) of a certain radius (set to 50 km) around
each BED in order to create indicative values about which BEDs apt for the application of
alternative RES technology depending on their biomass availabilities. To conduct this analysis
a three-fold input source (blue color) is required that provides input data (orange) which were
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displayed in a map in Q-GIS as shown in Figure 6.1. NOTE: the map shows three ’types’ of
BED, since during the research process a third type BED type of BED with BM and SDH was
introduced.

6.2.1 Fundamentals of GIS, input and sources of data

The program Q-GIS needs information about the Coordinate Reference System, that describes
the combined projection at a datum of a coordinate system. A projection refers to the trans-
formation of a specific position on the surface of planet Earth into the position in Cartesian
coordinates. The geodetic model takes the ellipsoid shape of Earth into account. Basically,
there are two representations of data sets I have worked with - (i) the vector and (ii) the raster
system. Vector data consists of points, lines and polygons that are discrete objects, which
means that forms such as the districts ("Kreise") of Germany can be depicted - for instance
biomass data. Whereas, the raster format is representing a varying surface in continuously-field
perspective - e.g. wind, temperature and solar data. [Longley and Maguire, 2001] [Support by
Anna Lea Eggart - Student of Cities and Sustainability M.Sc.]

The following Table 6.1 presents a list of data-sets used to create the map that constitutes the
base for further calculations of the residue BMP. Furthermore, it includes their format (raster
or vector layers) and the source organisation and website from which the data was obtained.

Type of Data set Format Source
(I) Eurostat countries Vector polygons [Eurostat, 2019]
(a) Forest residues Vector polygons [Pezzutto et al., 2018]
(b)Agricultural residues Vector polygons [Pezzutto et al., 2018]
(c) Landstock residues Vector polygons [Pezzutto et al., 2018]
(i) & (iii) Location of the BED
and BED with SDH

Vector points List-1:"Bioenergiedörfer" [FNR,
b]

(ii) Location of the planned BED Vector points List-2: ’on the way to "Bioen-
ergiedorf "’ [FNR, b]

Table 6.1: Overview of the different data-sets used for the analysis of the BEDs’ biomass
residues potential

The locations of the BED and pBED were obtained via OpenStreetMaps where all villages
were put in manually into a map from which the coordinates could be retrieved that were then
inserted into Q-GIS.
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6.2.2 Biomass data source description

The data of the biomass was obtained from the EU Hotmaps Project [Pezzutto et al., 2018]
in which scholars estimated the different types of biomasses based type-specific methodologies
[Garegnani et al.] due to different availabilities of data. The subsequent data-sources are all
based on the "Nomenclature of Territorial Units for Statistics" (NUTS - from french "Nomen-
clature des unités territoriales statistiques"). Subsequently, the origin of the data of the three
biomass-types is shortly depicted. First, the forest residues is based on the project Corine
Land Cover and is spatialized data on a NUTS3-level resolution, containing information on
broad-leaved, coniferous, mixed forests, natural grass lands, moors and heath-lands, "sclero-
phyllous" (hard leaves, short internodes) vegetation and transitional woodland shrub. Second,
the agricultural residues is obtained by the LUCAS framework [Eurostat] that surveyed the
statistics of land use and covered the EU28 territory. It is organized in a grid of geo-referenced
points of the EU28 with statistics on a land use/cover class. The listed classes of each type
of biomass residues was crossed with the vector at national-state-level (NUTS0) and district-
level (NUTS3) from which the relative share or ration between NUTS3 and NUTS0 for each
class was obtained. This value again was multiplied with the energy potential of each type
of biomass at national level. Agricultural biomass includes: cereal straw, grain maize stover,
rice straw, sugar beet, rape and sunflower stubble, citrus pruning, olive pruning and pits and
vineyard pruning. Third, livestock residues were estimated based on the EUROSTAT data
base statistics on livestock head counts on NUTS2-level (38 administrative regions in Germany
[EUROSTAT, 2018]) and national-level (NUTS0) and thereafter approximated by combining
it with the number of manure storage facilities at NUTS3-level.

Accordingly the processing of the residues data of (a) forest, (b) agriculture and (c) livestock
within a radius of 50 km around the different types was eventually conducted in PostGIS as
displayed and explained in the scheme in Figure 6.1 above a detailed description can be found
in Appendix A.

6.3 Resulting distribution biomass residues potentials of
the German Bioenergy-Villages

This chapter presents in three subsections the statistical distribution of the resulting BED-
specific annual residue energy potentials (REP) in an radius of 50 km of each BED according to
the calculation presented above. The idea behind the presentation of the statistical distribution
of the calculated and aggregated value is to show an overview of the data. The following
numbers depict are the theoretical - not the technical or feasible - potentials of biomass residues.
(Please, see also the potential distinction and definition section 4.2.2). NOTE: there are approx.
204 individual values for each biomass residual energy potential behind that can be attributed
to the specific BED and can only be traced back manually (due to "Umlaut-errors" in GIS).
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6.3.1 Forest residual potentials

The average annual forest residual energy potential (REP) of the BED and pBED is 8.60 Peta
Joule (PJ) (equals 2389 MWhth- the distribution of the forest REP is depicted in Figure 6.2.
The minimum forest REP is BED Stedesand (in SH, among the two most northern BED) with
1.30 PJ/year and the maximum BED Schmallenberg (in NRW) with 13.73 PJ/year - which also
depicts the overall bandwidth of annual forest residual potentials presenting a ratio of about 10
between the highest and the lowest REP. In total, 23 BED are among the lowest 30% (equals
1.3-5.5 PJ/year) potentials of forest residues. Whereas, about one quarter of the BED has a
forest REP in the 10% around the average value.

Figure 6.2: Statistical distribution of aggregated energy potential (PJ/year) of forest residues
of all BED and pBED

6.3.2 Agricultural residual potential

The average annual agricultural residual potential of all BED and pBED combined is at 2.47
PJ (equals 686 MWh) which is depicted in 6.3. They range between BED Hägelberg (in BW)
with a the minimum 0.34 PJ/year and BED Schkölen (in TH) with 5.71 PJ/year - with a ration
of almost 17 between maximum and minimum. Almost 50% of all aggregated energy values
(91 out of 205) are accumulated around the average value (2.47 PJ) in the range of 2.0 to 3.0
PJ/year. 59 are shown to have values in the lowest 30% between 0.34 and 2.00 PJ/year. There
are only three REP higher than 5.0 PJ/year that are also representing the upper 20% of the
range and only 12 form the group of the upper 30% comprising more than 4.0 PJ.
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Figure 6.3: Statistical distribution of aggregated energy potential (PJ/year) of agricultural
residues of BED and pBED combined

6.3.3 Livestock residual potential

The average annual agricultural residual potential of all BED and pBED combined is at 2.09
PJ (equals 582 MWh) which is illustrated in 6.4. The range is between BED Grambow (in MV)
with a the minimum 0.50 PJ/year and BED Ocholt (in NI) with 6.33 PJ/year - with a ration of
about 12 between maximum and minimum. More than half (118 out of 205) are accumulated
in the lowest 30% of the range between 0.5 and 2.0 PJ/year, while only 7 values represent
the highest annual energy values from the bandwidth. The highest 10% comprises six BED,
with higher REP than 6 PJ/year are all from north-western Germany, where animal-industry
is located.

Figure 6.4: Statistical distribution of aggregated energy potential (PJ/year) of livestock
residues of BED and pBED combined
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6.4 Summary, limitations and outlook

Summary and concluding remarks from chapter 6 further discussed in chapter 8

• The REP values must be seen as indicators showing the theoretical annual potential of
each region and not as absolute values. The average REP are forest at 8.60 PJ (ranging
from 1.3 to 13.73 PJ/a ), agriculture: 2.47 PJ (ranging from 0.34 to 5.71 PJ/a) and
livestock: 2.09 PJ (ranging from 0.5 to 6.33 PJ/a)

• It is assumed that solid forest and agriculture residues (e.g. straw residues) are potentially
utilized in biomass-boilers and agricultural (e.g. straw), whereas liquid livestock (e.g.
manure) and agriculture (e.g.corn) REP are likely fermented and converted into biogas.

• 23 BED are among the bottom 30% group of forest REPs

• 45 BED/pBED (22.1%) are among the bottom 30% of agriculture REP, which might
influence the biomass boiler heat generation and thus bode especially well for SDH and
other RES.

• 7 of the livestock REP are among the lowest 10% on the bandwidth. BED with a biogas
facility and a low livestock are well positioned for the implementation of alternative RES
such as SDH.

• The livestock REP is generally lower than REP of forest and agriculture and for the
individual BEDs. With the help of the livestock REP, a balance between biogas and
biomass heat supply can be achieved, complemented by other RES heating technologies
such as SDH.

Possible limitations of this method are: first, the spacial resolution of the biomass residues
are on a NUTS3 level that is founded on different data bases and partial approximations. This
becomes especially important when the REP of small radii are analyzed. Second, the database
does not account for energy conservation. Consequentially, the values need to be "considered as
indicators, rather than absolute figures" [Garegnani et al.]. These are the theoretical maximum
potentials and cannot be compared directly with the heat demand of the households. The REP
values of 8.60 PJ (forest), 2.47 PJ (agriculture) and 2.09 PJ (livestock) seem high. One must
consider that only a fraction of these indicating REP values covers the biomass demand of (a)
the region within a radius of 50 km where multiple other BED/pBED and/or more rural villages
are located and the REP should contribute to (b) all three energy sectors - not only heating.
Third, the radius of 50 km is, logically, a variable. The multiple radii of the roughly 200 BED
overlap with each other so that the reach of the REP is double-counted and aggregated multiple
times. As such, if all REP values are summed up, the result is higher than the unused potential
presented in 4.2

An identified area for future research is for the GIS method proposed in this paper to be



CHAPTER 6. ANALYSIS OF THE EXTERNAL RESOURCE POTENTIAL OF BIOMASS RESIDUES OF BED58

further developed so that adjacent BED are taken into account by avoiding the double-counting
of the REP multiple times. An accounting method must be developed. One possible solution
would be for the REP of adjacent BED to be aggregated into a "Bioenergy-Region". Another
would be for this region to be split up according to each BED’s respective percentage share in
land areas. Another area for further development is for the REP values to be put into context
with the other RES potentials by calculating the individual RES mix potential of each BED
and pBED. This does also account for other (German/European) villages, bearing the whole
heating transition in mind. A final step for further development is for the BED or village specific
REP potential to be merged with the technological indicators of the MCA analysis. One could,
for instance, filter for low agriculture and forest REP values while also identifying installed BM
facilities that need to be replaced or at least supported by a potential SDH system.



7 | Socio-organisational barrier analy-
sis

This third analysis emerged from a part of the results of the Multi-Criteria-Analysis (MCA)
that showed not only the techno-economic potential as depicted in chapter 5, and the external
theoretical RES potential (chapter 6. BED are socio-technological systems with a case-to-case
specific "nexus of rules, social capital and cooperation" [Von Bock Und Polach et al., 2015,
p.1]. Pre-assumingly, rather qualitative factors that are potentially informed by quantitative
factors (as explained below) impose an influence on the decision-making processes of BED.
Understanding the socio-organisational implications on the decisions of heat supply technology
could enhance the BED’s transition towards renewable energy villages - as proposed by [Jenssen
et al., 2014]). This chapter seeks to respond and tackle the following fourth sub-research
question:

To what degree do socio-organisational and techno-economic barriers hinder the implementa-
tion of alternative RES technology to supply Bioenergy-Villages’ district heating and what are
potential approaches to overcome them?

On basis of the data-sheet, out of which the MCA analysis (chapter 5 emerged, quantitative
data could be obtained: namely, the BED’s spatial distribution in Germany’s states and also
the different organisational respectively legal forms. The quantitative results of the MCA are
shown in the next section 7.2, thereafter the methodological approach of the semi-structured
interviews is explained in section 7.3 and subsequently the analytical results extracted from
interview shown in section 7.4. However, the following section 7.1 seeks to contextualise and
delimit the methodologically approach of interviews of related studies in the research field of
SDH and BED.

7.1 Scientific contextualization: choosing interview as method

First, the scientific publications - according to my literature research - on implementation
barriers of SDH, that are beyond analysis of the technological barriers, are comparably rare.
This section seeks to depict the scientific framework of SDH and/or STS in the context of BED

59
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respectively other community energy projects in Germany.

A market analysis by trend:research/Leuphana and Lüneburg [2013] inteded to define citizen
energy projects and their market share. For STS the results of this study were that private
citizen energy facilities were largely dominating the usage of STS in Germany. Between 2007 and
2009 approx. 98% (equalling to 83 facilities) of all STS were installed in private households - the
same accounted for STS collector area (the examination included large-scale STS facilities). The
low significance of commercial facilities in the German market correlated with the examination
of the low total amount of funding-applications for (large and small scaled) STS. In 2011,
the "market-incentive-program" KfW credit (see also 4.7) for commercial STS represented just
3% (equivalent to 83 facilities) of the total funding-applications received by the MAP-KfW
program. [trend:research/Leuphana and Lüneburg, 2013]

Another interdisciplinary study - from the field between energy engineering and sustainable
development - focused on different RES scenarios for the specific Bioenergy-region Ludwigsfelde
(the concept equals an accumulation of BED). Here the two scholars evaluate the tool of a multi-
criteria decision analysis that applies social and sustainability criteria to evaluate the local
impact of different RE scenarios on the region Ludwigsfelde in order to enhance the decision-
making process. [Wilkens and Schmuck, 2012] Further, the paper of Von Bock Und Polach
et al. [2015] investigates the nexus of rules, social capital and cooperation of bioenergy in
socio-technical systems - namely of two BEDs in the state of Brandenburg. The scholars try
to scrutinize how social capital (such as trust and cooperation) impacts the (in-)formal rules
and thus has positive and/or negative effects on the decision-making-processes. They find
that only a minority of energy research projects make use of socio-organisational analyses and
deduce that decision-making, though collective action based on transparency and trust are
key for the development of a community renewable energy system. [Von Bock Und Polach
et al., 2015] Another study from Basque-Turkish universities analyzes German bottom-up the
energy-village movement and proves them to be not only socially and environmentally, but also
economically feasible. This is supported by the claim that bottom-up initiatives contribute
to energy sustainability goals with a top-down state-driven plan (incentives, funding etc.) if
combined well. Akizu et al. [2018] Content wise the probably most relevant, though not a peer-
reviewed paper or official study, is a survey conducted by the private consultancy enterprises
Solites and the Steinbeis Forschungsinstitut on the market players on trendsetting concepts for
SDH in German communes. The goal of the research was to understand the "identification of
the chances and possibilities to introduce more complex, and larger [solar thermal] systems"
[Geiger, 2019], targeting at higher solar fractions beyond 15-20% and reaching 30-50%. The
researcher sent a survey with 12 questions to in total 12 interviewees in the positions of planners,
operators, project managers or community representatives. Subsequently, the most important
results of the non-representative survey Geiger [2019] are summarized below:

1. Social reservation for STS: the interviewees mentioned that demand is covered by
competing biomass/gas facilities. Further, they mentioned doubt that an economic fea-
sible operation is possible (mainly due to thermal energy storage tank costs). Further, it
was stated that hardly any excursion goals to large-scale SDH with high solar fractions
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exist.

2. Circumstances that would create higher investment or heat price feasible: political incen-
tives, higher funding, acceptance by citizens.

3. The biggest constraints of implementation of STS: Land area requirements, the heat
price and investment costs.

4. Conditions needed to be created or changed that would increase the solar fraction: Edu-
cation of citizens, political incentives, price for areas for STS.

5. Solutions proposed by the interviewees: energy cooperatives involvement, determining
a minimum heat demand, base-load from STS or CHP, further one needs a prioritisation
of STS in the planning progress and a privilege in the access to outskirt areas.

6. The demands from the survey: more education and seminars on SDH, presentation of
pilot-projects, combinations with other concepts or/and technologies such as "agrothermal
[combination of agriculture and solar-thermal field]systems" [Geiger, 2019, p.14] and heat
pumps.

The survey contains elements, questions, but also solutions of the barriers’ analysis in form
of guided interviews that I conducted - though it differs from the analytical direction of my
analysis, that is about comprehending the overall structural hindrances of the SDH not being
applied in Germany. My approach differs methodologically by being a semi-structured interview
of experts and professionals that work with SDH and BED on a daily basis - not a survey with
the professionals directly from the BED. Thus the interviews might potentially complement
the knowledge on socio-organisational barriers from a broader, rather meta-perspective on the
BED.

7.2 Result from MCA: Distribution in legal forms and re-
gions of Bio-Energy-Villages

This section depicts the two distributions: the first one is the regional distribution of BED and
pBED and the second one is about the legal forms of BED and pBED. These distributions
partially result of the MCA (see section 5.1. The subsequent interviews seek to analyze the
barriers aiming at generating new knowledge on how the regional distribution (below 7.2.2)
and different legal forms (below 7.2.1 as results from the MCA interact with decision-making
and financial barriers. Further, if and how other barriers constraint today in 2020 inform the
development of the large-scale use of STS in DH and consequently SDH in Germany.
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7.2.1 Distribution of legal forms of BED and pBED

During the research process it became clear that the BEDs and pBEDs and their subsequent
energy corporations organize the production and distribution in different legal forms that have
inherently different legal conditions and decision-making processes. In total, there are several
legal forms and usually each BED has its own, often, unique way or combination how it organizes
itself legally. This means that usually the interaction of the different institutions within the
BED based on different legal forms of each BED/pBED is designed in a unique way up to
a certain degree. If there there were several legal forms of different participating institutions
intended to always extract the over-arching type of organisational or legal form found in each
BED. Figure 7.1 depicts the distribution of the legal forms found in BED respectively pBED.

Figure 7.1: Occurrence of different organisational forms BED (left side) and pBED (right side)

The dispersion of the legal forms is almost the same in the old acknowledged BED projects
as it is in the new not yet acknowledged and planned BED projects. The main legal forms
that were found in the analysis were with approx. 43% the legal form of a registered cooper-
ative (e.G.) /"eingetragene Genossenschaft"), followed by the legal form of a limited company
(GmbH/orange color) and finally the legal form of a civil law association (GbR). All other legal
forms that occurred, were according to my analysis not the main legal form, but rather a "sub
legal forms" existing among others and being the basis for the main legal form that I noted.

7.2.2 Regional distribution of Bio-Energy-Villages over Germany’s
federal states

The post-code and name of federal state were extracted from each data-sheet in order to show
the regional distribution of BED and pBED due to the diverging availability of RES of instance
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biomass, wind and solar radiation - the external technological RES as analyzed in Chapter 6,
but also aiming at the subsequent qualitative socio-organisational barrier analysis.

Figure 7.2 below depicts the distribution of the BED over the different German states. Acknowl-
edged BED accumulate to two-thirds on four states, which are primarily Baden-Württemberg
(BW) with 29.6% of all BED, Bavaria (BY) with 27.6%, Niedersachsen (NI) with 11.8% and
Hessen (He) with 9.9 %. This is slightly different with the non-acknowledged, ’newer’ pBED,
where more that 80% is accumulated on four partially different German states. The majority
of pBED is projected in BW (38.9%), followed by NI (25%), BY (16.7%) and the north-eastern
state of Mecklenburg-Vorpommern (MV) with 11.1%.

Figure 7.2: Distribution of BED (left) and pBED (right) in the 16 different federal states of
Germany

7.3 Methodology description: guided interview on barriers

In order to tackle this sub-research question the methodology of a guided interview was de-
veloped that is presented in Figure 7.3. The following chapters explain how the barriers and
questions where chosen that are depicted in Figure 7.3 on the bottom left under "Development
of guiding questions". Further, chapter 7.3.1 depicts how the guided interviews were conducted,
the information processed and the experts(’ groups) on SDH and BED chosen - depicted in
Figure 7.3 in the top.
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Figure 7.3: Research Design of the methodology of the semi-structured interview

7.3.1 Process of semi-structured interview and subsequent reviewing

All semi-structured interviews were conducted between April 23rd and 30th in form of (video-
)calls lasting approx. between 30 and 75 minutes. In order to conduct the semi-structured
interviews a questionnaire containing guiding questions was shared beforhand with the in-
terviewees. In general, the guiding questions were the similar for some interviewees invalid
questions were re-formulated or taken out. Generally, I started off explaining (i) the results of
the techno-economic potential analysis of the BED (depicted in 5) and (ii) my background of
the master-project as a student at Aalborg University. Further, I mentioned that I have been
having a (iii) student job with the Danish company Aalborg CSP - a Danish company that is
also projecting and planning STS and SDH projects and implements these accordingly. Aalborg
CSP has a certain interest in understanding the potential for SDH in Germany. Though, I am
not directly involved in planning SDH with Aalborg CSP during the thesis, so that my research
and also the questions are partially influenced or biased by my student job. Moreover, I de-
picted that I am not recording the interview, but that the information given by the interview
partners would be treated confidential if wished for. In the next step I started conducting the
interview according to the developed structure with questions (see 7.3.2) that I had in advance
shared with each interviewee. In the course of the interview, I tried to guide it by (slightly)
pointing back to the questions, when the interview partners got lost in details. While they an-
swered and explained, I took written notes of what I considered the most essential statements
of each respective interview. After the interview I corrected my notes to subsequently share
the documented resulting information with the experts for them to review, correct and amend
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the documentation or simply discard irrelevant or unwanted information noted by me.

7.3.2 Input for semi-structured interview - experts and questions

In order to understand the barriers that exist and further curb the development of SDH in
Germany, on one hand, people with expert knowledge and working professionally in the field of
SDH, BED and BM were chosen for the interviews. On the other hand, questions on different
barriers developed serving as guideline for the interview. The following chapter explains the
depicted questions on the barriers and how and why the group of interviewed experts were
chosen.

Structure of Interview and types of barriers

The interviews were divided into three blocks. The first block contained a short introduction of
the interviewer (me) and the interviewed expert, the second block was on the different barriers
that exist in the implementation of SDH or other RES fuelled capacities for heating the BED.
Lastly, a third block on potential solutions on barriers. The barriers and subsequent questions
are listed in the table 7.1 below:
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Intro and
contextualization - Please depict your position, professional background and

relation to BED and the supply of those with RES.

(B1) Technological
Barriers

- What main technological barriers do you see when
applying alternative RES (e.G. STS) in BED powered

mainly by BM?

(B2)
Decision-making

barriers

- How does the legal form (organizational form e.G. GbR,
GmbH, eG etc.) influence the decision-making process of

a BED towards alternative RES technology? And who
decides in BED?

- In how far do structures of local authorities favor or
disfavor the implementation of alternative RES (such as

solar thermal)?

(B3) Economic and
financial barriers

- In how far does the implementation of a new technology
depend on the economic viability?

- What is the influence of the price of heat supplied by other
RES (e.G. BM) ?

- What role do funding and subsidy programs play? (e.G.
BAFA, KfW credits)

(B4) Other
barriers: - What other potential barriers can you think of?

Potential
Solutions:

- How could the mentioned barriers be overcome and
alternative RES (e.G. STS) combined with BM be

implemented in DH of BED?

Table 7.1: Guided Interview Outline - Solar District Heating and Bio-Energy-Village related
experts

Asking for technological barriers goes along with deepening the analysis of technology po-
tential. In case of current major technological hindrances in the application of SDH technology
the result could extend the analysis on the technological potential (compare 5). Asking for
barriers 2 and 3 was influenced by employees of Aalborg CSP hypothetically assuming that
many projects are not implemented basically due to economic restrains. Further barriers in the
decision-making process referring to the (group of) persons that decides for or against making
the effort to install new renewable capacity. These questions aim at understanding why and
how certain decisions for or against SDH were met while investigating the influences of these
decisions. My hypothetical assumption here was that though the decision-making process does
not go hand in hand with the legal form (which distribution is presented in section 7.2.1 above)
- that it is likely to find a certain correlation in regard to how the different legal forms of
the BED impact the decision-making process for or against certain alternative RES (such as
SDH) itself. The final and forth question on the barriers aimed at leaving the interviewees the
possibility to come up unknown potential barriers outside the guiding framework. In the third
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and last block the experts were asked if they are aware of any solution that have been used to
overcome or could potentially be used and applied to overcome the (specific) barriers described
in the second block.

Groups of interviewees

In total, three groups were selected that do work in the field of SDH and BM, a combination
of those and in relation to BED. The first group consists of (1.) public institutions that
the IBEG e.V.(registered association) and the FNR can be considered as. The second group
includes (2.) private corporations. This group was chosen based on the assumption that it is
the private sector which usually implements innovative projects such as SDH in BED in the
German economic sector - among the requested relevant institutions were "Hamburg Institut,
Solites and Solarcomplex AG". The third group results of the MCA (see chapter 5 preseting
th only two BED that have combined installed SDH and BM capacities. Explanation: here
a SDH refers to large-scale STC fields that feed into a DH system and not some arbitrarily,
not strategically and decentralized small STS on private rooftops with low efficiencies. In
total, seven interviews were conducted. Subsequently, the groups are enumerated comprising
in paranthesis the number of interview - for instance: i-x represents interview number x:

1. Experts from public institution: FNR (i-1) and IBEG e.V.(i-7)

2. Experts from private institutions that work on BED and SDH: Solarcomplex AG (i-5)
(i-6), Hamburg Institut (i-2)

3. Good Practises: Bio-Energy-Villages that have Solar District Heating and biomass heat-
ing capacities installed (i-3) (i-4)

The following table gives a short overview of the seven interviewed experts, the organisation or
institution that they represent as well as a short description of their position, respectively how
they fit into the research context and when the interview was conducted.
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(No.) Interviewed Organisation Professional position Date
(i-1) Dr. Hansen FNR responsible for BED and in Public

relation department
23.04.2020

(i-2) Dr. Westholm Hamburg Institut Political and environmental soci-
ologist working at SolnetBW

27.03.2020

(i-3) M. Rudewig BED Mengsberg (Hes-
sen)

electrical engineer, managing
board of cooperative (e.G. )
BED, planned SDH with BM

27.04.2020

(i-4) H. Gröbmayr BED Moosach
(Bavaria)

climate-protection manager,
founded energy agency and
Moosach energy cooperative

28.04.2020

(i-5) J. Dürr-Pucher Solarcomplex AG Works for the RES agency in the
state of BW and Solarcomplex
AG

28.05.2020

(i-6) B. Müller Solarcomplex AG Director at Solarcomplex AG,
built BM+SDH combination
three times

29.04.2020

(i-7) G. Brandt (re-
vised too late)

IBEG e.V planned 10 BED and Jühnde
(first BED)

30.04.2020

Table 7.2: Experts and professionals in SDH and BED for semi-structured interviews in chron-
icle order. A description the position of the interview partners are in Appendix B.

The German notes of all interviews were counter-checked and revised by the each interview-
partners and subsequently translated into English being the working language of this report.
Interview partner (i-7) did not revise the notes duly so that I excluded them from the barrier
analysis. The interviews and revised notes can be found in the appendices of this report
(Appendix 2 - external document).

7.4 Analysis of the interviews in the context of the research
question

This section aims at analyzing the (at least) three-fold barriers for SDH in Germany by syn-
thesising the opinions and viewpoints of the interviewees. During the reviewing process of the
interviewees’ answers I color-coded the on different barriers and depict them below accordingly.
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7.4.1 B1 - Technological barriers

The interviewees from the two BED with a SDH (i-3) (i-4) did not stress any bigger complica-
tions or real technological barriers. (i-1) (i-2) (i-3) (i-4) (i-5) The technology of SDH combined
with BM was described as "mature and entrepreneurably convertible" (i-6). Generally, most
of the interviewees stated that there are no technological problems in applying SDH to exist-
ing DH systems, but still certain considerations required to be taken into account (e.G. legal,
space) and that further some technical difficulties exist - explained subsequently: The main
difficulty described by interviewee B. Müller (i-6), who has been involved in the installation of
in total 5 SDH with BED is the availability of land which is needs to be close to the settlements
where price-speculations (high rent, lease, price..) occur (i-6). Further, it is important for
the installation of a STS that a DH systems exists, which should also be in proximity to the
land site - if these two conditions apply the systems were described as "low hanging fruits" for
the first application of STS by Dr. Westholm.(i-2) Moreover, some said it is important that
there is a minimum heat-demand required which mainly depends on temperature level, age and
insulation of the houses.(i-2) (i-6) (i-5) Moreover, two interviewees said that DH in general, but
also specifically combined with SDH, is only relevant to build in existing building stock and
not in neighborhoods with newer low-energy insulation standards that do not require sufficient
heat energy to run to reach (economic feasiblility (i-4) (i-6) (i-5). So far, there are no projects
in Germany with solar fractions higher than 20%, thus yet no bigger TES have been installed
(i-5).

M. Rudewig (i-3) from the Good Practice BED Mengsberg stressed that there were no major
technological problems, still the technological considerations such as selecting the right size of
components and adjusting the solar collector requires engineering skills and the energy system
design issue that required engineering capacities: primarily fitting the thermal storage system
with the bio-mass boiler (i-3). In the conduction of the BED Moosach, Bavaria (i-4) there were
no technical barriers, but again the difficulty of finding enough small consumers was mentioned
since the BED does not have bigger single heat demands (e.g. indoor pool). Also, the (i-1)
interviewee from FNR stated not to know off B-1 related problems in any of the BED projects
of Mosach and Büsingen, which both run a SDH and a BM. In general, Dr. Hansen (i-3)
mentioned that there is a further general difficulty concerning users of private small-scaled STS
home-systems, that are "competing" against other forms of RES generation. The situation
emerged that STS do not have the best image among the users, as they would transfer the
negative learning experiences from STS home-systems to larger-scaled STS respectively SDH.
(i-1)

7.4.2 B2 Decision-making processes and legal form

Almost all interviewed experts explicitly stated the importance of a "wo*man of action" or
"maker" - also possibly represented by a group of engaged people. (i-1) (i-2) Dr. Westholm
mentioned that looking at past projects in the state of Baden-Württemberg (BW) he could
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specify for most projects the "maker" of each project. Usually, one needs such a person on the
local level to promote a different and new technology (such as SDH). (i-2)

This can be confirmed by the interviewee from BEDMengsberg, who stated that in their project
the forest-management ("Waldvorstand") and the district mayor ("Ortsvorsteher") were very
engaged in the project’s working group and its implementation. The "makers" also convinced
other local people to participate in the energy cooperative of BED Mengsberg (more below). (i-
3) There are regional differences in the BED’s decision-making processes observable, since the
community structure in the southern federal states is generally described as more pronounced
and sound than in northern Germany. Specifically, in southern Germany (BY and BW) there
exist more forest-associations and machinery syndicates ("Maschinenring") that are entangled
with and supported by the local community. Whereas, in northern Germany - for instance in
federal states of Schleswig-Holstein, Niedersachen, Mecklenburg-Vorpommern - there are some
big agricultural farmers. Often local residents do not want to cooperate with those big farmers,
if they for instance install a BG facility that could supply heating. Here it is more difficult
to find majorities in the BED for a DH (or consequently probably also SDH) because of the
insecurities of alternative RES after the 20 year term of EEG for BG. (i-1)

Mayor and municipal council

Generally, when executing SDH and BM heating projects three hurdles in the decision-making
were described by B.Müller (i-6). The first is the support of the mayor, which was described
to be the "Achilles tendon"(i-6) - without him*her, a project implementation is very unlikely
to happen. Second, comes the city council, that needs to back the mayor’s decision, but can
according to B.Müller be convinced by excursions to SDH projects. The last hurdle is finding
enough households (respectively HD) that are willing to connect to a DH - this is usually
the biggest barrier according to interview (i-6). Interviewee (i-5) said that projects cannot
be conducted without compliance of the mayor, the local farmer (land) and/or a couple of
technology enthusiasts (i-5). Interviewee (i-2) described the importance of other institutions
and authorities that have an eligible say in the affair of implementing a new technology. These
vary from case to case and can range from an environmental and energy authority, over an
agricultural authority to a nature protection authority (i-2). Consequently, the decision-making
process does not only depend on the mayor and the city council. This can be confirmed
by the the Good Practise from BED Mengsberg, where interviewee (i-3) asserted that local
authorities were "very important to consider" (i-3) and further being entangled with social
hurdles, since anyone knows anyone in the small community of the BED. In BED Mengsberg it
was especially important that the main municipality Neustadt financially supported the project
and guaranteed for the loan (see also 7.5). In the BED Moosach the STS project was supported
by the second mayor who was backed by the city council (i-4).
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Differences due to legal form

Further, the interviewees did not mention a direct correlation between the legal form and
decision making processes against or for a specific technology. On the other hand, interviewee
(i-1) even explicitly stated that he could not see a correlation in all the BEDs he worked with .
On one hand, the legal form GmbH is usually applied on or by utility companies. (i-5). (i-2)
stated that, though GmbHs are city/village-owned they continue being profit-driven, which
makes it more difficult to to convince them of alternative non-conventional technologies. On
the other hand, city-owned utility companies are more likely to raise the investment costs than
citizen cooperations. (i-5) Energy cooperatives (’eingetragene Genossenschaften’ - e.G.) were
described as a good concept as such, since the e.G. only serve one purpose which is securing
the supply of energy while further enabling the direct participation of citizens. Anyhow, a
row of disadvantages were reported, so usually they require a certain initial (financial and
entrepreneurial) support or ’kick-off’. Further, the knowledge about a certain technology is
often accumulated in one person in the e.G.. Additionally, up to today in Germany e.G. have
mainly been working on electricity generation and distribution (by wind and PV), and the
model has not been largely adapted to heating concepts based on - for instance - SDH. This
has the consequence, that as capital investments are larger and investment periods are longer
the investment decisions are more complicated for e.G. to meet. (i-2) Further, it was said that
the e.G. do not have an entrepreneurial approach, in consequence it is more difficult for them
to conduct projects with a higher economical risk. (i-6) An alternative to the e.G. can be the
municipality in form of an own-operating municipal enterprise. The advantage of this model
is that the money stays within the community and and can be reused for new investments or
for lowering the general heating price. (i-2) After implementing a e.G.-project one interviewee
estimated that a further wider spread development of SDH is likely to happen due to e.G. (i-5).

The BED Mengsberg (Hessen, Germany) serves as a Good Practise for the interviewee (i-
3). He considers an involvement of the local citizens as a necessary and required step in
order to find a good decision. Therefore, the BED Mengsberg decided in 2014 to found an
energy cooperative with the legal form of an e.G. that only manages the energy issues and
does have the least level of interference with other local community institutions. The main
arguments were it (e.G.) was the only legal form where everyone has the exact weight of
vote. A second argument was that the legal form of an e.G. allows for certain tax savings
(not further explained by interviewee). (i-3) In the second BED: Moosach, Bavaria, the initial
plan was to also organize the DH as e.G.. For reasons of funding it then was implemented as
a communal project as own-operated municipal enterprise ("Eigenbetrieb"). Because of this,
the heating project could receive the Bavarian funds of the ’Village-Renovation Program’ (i-4)
("Dorferneuerungsprogram") [Bayrisches Staatsministerium für Ernährung Landwirtschaft &
Forst]
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7.4.3 B3 - Economic barriers - funding programs

Subsidy programs are generally considered important and necessary for the implementation.
Without them most of the SDH projects would not have been established. (i-1) Also, for
nudging the further development of the SDH funding programs were be considered as highly
important. Though, some BED projects (without SDH!) are known to be able to run feasibly
without subsidy in federal states of southern Germany - such as BY and BW (i-2). One can
generally observe a argument for instance put forward by B.Müller who further stated that
less combined SDH and BM projects would have been conducted, if the full costs had to be
carried by the project owners. (i-6) An interesting down-side of the subsidy programs was
mentioned, which is the case of an over-subsidized project. In order to establish the SDH of
Ludwigburg-Kornwestheim (in BW) several subsidy programs were accumulated and combined
so that 60% of the project was highly leveraged. A critique to this was that such high subsidies
are likely to be unsustainable for the development of other projects since such high subsidies
are not possible or realistic for upcoming projects .(i-2)

A result from the interviews is that the cheap price of oil has an impact on the decision-
makers and presents an economic barrier. One interviewee posed the example that he knows
of municipalities that decided against a RES-fuelled heating system, because the oil-boiler was
three times cheaper (i-1) in a short-term perspective. B.Müller from the "Solarcomplex AG"
even estimated that only about 5 to 10% of the people are willing to actually pay a higher
price for a less environmentally damaging source of heat. Though, in general it is rather the
mid-term oil price that impacts decision makers and not the momentary prices - such as the
negative oil price related to the oil capital-market crisis triggered by the COVID-19 Pandemic.
(i-6) According to one interviewee there are various examples where citizens decide against
BM or other RES technology, since they know that the natural or fossil gas is a thrust-worthy
technology and cheap(er) to purchase (i-1). The economic feasibility of the implementation
of a SDH depends, not only on the oil price, but also on the price of BM. As BM has such a
comparably low energy density, it is only worth transporting it within a radius of <50km, but
rather less. (Note: the match between the estimated guess and assumption of a "BM-radius" of
50 km in the technological framework analysis and the statement of the Bavarian interviewee is
coincidental) (i-4) Furthermore, an economical interest from the side of the forestry-associations
especially in southern Germany (BY and BW) was mentioned. These want to supply the local
DH system with forestry and wood residues, which that is described as a plentiful resource in
Southern Germany according to the first interviewee (i-1). Due to climate change, bark beetle
attacks and increasing storms trees were chopped down, thus there is currently an oversupply
of (mostly low quality) wood, that causes a low BM price. (i-1) According to (i-6) this has
been having a positive effect on new projects supplied with BM. (i-5) stated that BM can act
as a very good heat energy storage when turned off in summer. For SDH, the positive side-
effect exist that the BM boiler does not need to run in part-load which causes additional costly
abrasive wear.(i-5) Generally, a critique mentioned regarding the funding of solar facilities
is the EEG-funding program (see also 4.7) that only aims at photovoltaics (in general at
electricity generation) within solar technologies. In contrary, STS (heat generation) is not
included. As to this displaced funding focus STS in general, but also especially in solar energy
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face a lack of funding. (i-1) Other economical barriers in STS projects are the leasing or
rental prices of the site, which are as to the BED Moosach interview especially close to high
population density and economic density areas such as Munich - scarce and expensive (i-4).
One interviewee said that due to the stop of EEG for BG CHP boilers 20 years after installation
only second generation biomass (from residues) is able to survive on the market and not BG
from corn especially grown for use as BG (i-5).

7.4.4 B4 - Other barriers

Other barriers mentioned are the utilization rivalry between RES and other industries, the
dependence of the consumers on the operator of the DH system (in the case that it is externally-
operated), and that a STS has aesthetic constraints for the landscape. Further, there are usually
legal barriers with for instance building laws and that decision-makers are sometimes simply
unmotivated, which makes it hard to implement projects. (i-2)

Social Barriers

One interviewee (i-6), who has been involved in many projects combining SDH and BM de-
scribed the social hurdle of convincing and explaining the advantages and the actual lower price
compared to fossil fuels. When applying a full cost calculation - to the people as the biggest
barrier. Moreover, large-scale SDH as a technology is widely unknown in Germany (i-1) (i-2).
This has the consequence that hardly excursion or visiting sites exist, where planners or city
councils are able to visit Good Practice examples (i-1). Energy planners in northern Germany
asked experts from southern Germany for consultancy without noting that there are experts in
Denmark.(i-5) Some projects were not only pushed forward because of economical reasons, but
also for political and environmental reasons. In the BED Mengsberg there was no obligation
of a certain minimum heat take off, which lead to a demand problem as some people decided
to have both heating systems: the traditional oil boiler in a cellar room and the connection to
the DH system with the intention to (miss-)use the system by consuming from the cheapest
heating sources. This had the consequence of a decreased total heat demand of the DH system,
which let the (household) specific heat price rise.(i-3) In BED Moosach the people feared that
being connected to the DH would make them dependent on the DH operator NaturStrom AG
and they wanted to maintain their autonomy and self-sufficiency (i-4) - though they might be
immediately at least as dependent on fossil oil and electricity enterprises along the supply and
production chain. According to (i-4). Some people living close to the BM boiler feared that
they would be additionally contaminated by emissions.
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Political

Though, there are some supportive research programs that also apt for large STS and/or SDH,
also broader programs (such as Wärmenetze 4.0 ) - but these programs are generally not known
enough. (i-1) Some states (e.g. HE) and also communities have agreed to the Sustainable
Development Goals. As to Dr.Hansen for them to reach these goals is hardly possible without
addressing heating and alternative technologies such as SDH. (i-1)

Legal Barriers

According to Germany’s building law ("Baurecht") a legally binding land-use plan ("vorhabens-
bezogener Bebauungplan") is required to actually start to install a project. One interviewee
explained that it usually lasts one year to get such a building law permission. (i-6)

Strategic planning

Dr. Westhof from Hamburg Institut explained the existence of strategical barriers or that
he observed that strategies behind planning processes were often missing. He put forward
the example of the natural gas pipeline system that needs to be replaced in the mid-term
in many place if the country wants to reach its climate goals. (i-2) That means, that when
work is conducted on DH-pipeline system, the planner should bear in mind other strategic
infrastructures. For instance installing glass-fibre internet connection or the above mentioned
removal or replacement of natural gas pipelines.

7.5 How could the specific barriers be overcome?

This section briefly explains potential approaches on how to overcome specific barriers.

7.5.1 Technological Barrier

Due to the fact that no real technological barriers exist, respectively they have not been identi-
fied with the applied method of expert interviews. However, it requires planning and engineering
skills to synchronize the supply side with the demand side well. (i-6)
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7.5.2 Social Barrier

Large STC fields and SDH is unknown in Germany. In Moosach in was overcome by residents
participating in an excursion to SDH plants by the company Arcon Sunmark to Denmark - since
example projects in Germany were/are lacking. (i-4) Overcoming social barriers was described
possible by having "good, sharp and better" arguments. Interviewee (i-3) proclaimed that
arguments on the need of the energy transition in general, climate protection, price-insecurity
due to oil-price fluctuations and (energetic) independence could convince the people to join the
energy cooperative and thus support the role-out of SDH. Another argument against BM and
for a STS is what interviewee (i-3) called ’wood-labor’, so the labor required to run a DH system
on BM (such as chopping, stacking etc.) which would be decreased running the DH also on a
large-scale STS. (i-3) gave an example on how the German energy giant E-ON offered a at first
glance "cheaper" fossil gas fuelled heating system to the BED Mengsberg. Whatsoever, the offer
was rejected by the BED community due to climate-protection reasons and the goal to establish
a 100% RES system.(i-3) This example serves as a Good Practice on how a community makes
an autonomous decision by rejecting a centralized fossil fuel energy system while ensuring a
community-centered renewable energy future. Another solution put forward finds itself at the
intersection between the social and the economical barriers and refers to the capital price of
the system and is explained in the next subsection below.

7.5.3 Economic Barrier

A full-cost calculation ("Vollkostenrechnung") was considered a good tool to show residents that
heating from RES is eventually cheaper than the oil price, in which often maintenance, extra
room, a tank-system, a chimney sweeper and other technical appliances are excluded. (i-2) (i-6)
This should usually be happening in or via a public event, so that a full-cost calculation of the
heat price can be conducted and further avoiding individual calculations and consultations. (i-6)
In the BED Mengsberg the investment could be covered due to two reasons. First, the KfW-
Kredit (loan) that allowed to fund partially the thermal energy storage system, the biomass-
boiler and the STS. Secondly, the main municipality guaranteed for the project, so the credit’s
interest rate was kept low. Subsequently, the heat price was at 10.5 e cents/ kWhth, which is
cheaper compared to the heat from an oil-boiler with a full cost calculation. (i-3) In Moosach,
a full cost calculation was also made to convince local residents to join the project and a
combination of the Bavarian "Village-renovation Program" and the KfW-Kredit was required
to launch the project (i-4).

7.5.4 Political

The Interviewee (i-2) mentioned that, according to his experiences with the SolnetBW project,
legal binding guidelines for municipalities keep certain land areas free and assign them to a
purpose such as STS.
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Carbon-tax

In 2021, a carbon-tax will be introduced in Germany that is likely to have a positive effect on
BED in general but also SDH. (i-1) On the other hand, interviewee (i-2) warned that it is likely
for the tax not to have an influence if it is set too low. Also, interviewee (i-3) mentioned that
a carbon-tax should help and push the implementation of SDH, but that the tax is required to
rise to really have an impact on the price.

phasing out EEG-subsidies for BG

Since the financial re-compensations of the EEG for BG is being stopped after 20 years - with
some exceptions due to flexibilisation ("Flexibilisierung"), where the financial re-compensations
can be prolonged for another 10 years. It is as to Dr. Hansen relevant to know when the
facilities are actually being shut down and stop electricity and heat production. (i-1)

Germany’s exit from coal

Germany is phasing out coal by 2038. This means that also power plants which supply district
heating today will not be running anymore. According to the second (i-1), one as energy planner
should bare this opportunity in mind, since the old power plants are often located outside the
cities (due to emissions) and often surrounded by multiple hectares of wasteland that could be
a potential for harvesting thermal radiation from the sun. (i-1)

7.6 Summary, conclusion, limitations and outlook

The following boxes summarize the analysis of this chapter and further seek to draw conclusions
from the existing barrier analysis by showing potential approaches on how these can be over-
come. The main conclusion is that it seems that though socio-economical, organisational and
decision-making barriers can be observed, the heating transition in Germany is best positioned
to be tackled by community-owned projects of alternative RES. Despite this, Germany and
its federal states requires further legal, strategic and political measurements and instruments
to increase the roll-out of SDH to reach the solar thermal goals described in section 4.5.3. In
general, Germany and its native BED already seem poised to undergo the heating transition
from a financial and organisational level.
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Summary from result section 7.4

• No larger technological barriers were found. STS and SDH technology are mature for
application. Generally, only smaller technical difficulties exist by planning engineers.
The main technical difficulties lay rather in the framework conditions, for instance finding
the right (proximity) site and enough households (heat demand) for the DH network.(see
7.4.1)

• DH in general and SDH can only feasibly operated in older building-stock, since newer
low-energy houses have too low of a heat demand.(see 7.4.1)

• There are negative learning experiences and potential bad images from small-scaled home-
systems in which BM was combined with STS. (see 7.4.1)

• Most interviewees clearly stated that the decision-making process usually requires a group
of maker(s) .(see ) Further, usually it is important that the mayor supports a STS
project, who needs to be locally backed - in the best case by the city/municipal council.
(see 7.4.2

• According to the interviews, though the different legal forms show to have advantages
and disadvantages for the community, no direct correlation with the decision-making
process for or against an alternative RES technology is observable. (see 7.4.2)

• The two main legal forms occurring are e.G. and GmbH - which seems to present case-
specific (dis-)advantages. (see 7.4.2) The interviewees did not mention GbR

• The community structure of rural BED seem to differ between closely linked (in a social
sense) and smaller farms in the south compared to bigger and rather impersonal farms in
the north. (see 7.4.3)

• The current funding programs are necessary for the further development of SDH in
BED. Without the funding programs, there would clearly be an economic barrier and less
(combined) SDH and/or BM projects - though the funding should not be too high. (see
7.4.3). One policy option would be to implement a lower and upper subsidy limit in the
form of a "funding corridor".

• Other - namely, political legal and strategic - barriers exist. (see 7.4.4)

• The main barrier seems to be social, manifesting itself as (i) SDH being an unknown tech-
nology in Germany, (ii) a supposedly higher price of SDH compared to other technologies.
(see 7.4.4)



CHAPTER 7. SOCIO-ORGANISATIONAL BARRIER ANALYSIS 78

Summary of solutions to barriers and concluding remarks from section 7.5

• A solution to the social barrier is excursions to successfully operational combined SDH
and BM projects. I consider it paramount to have at least one "Good Practice" within
Germany as excursion object to demonstrate the potential for these projects domestically.

• Arguments on climate change, environmental protection and less CO2 emissions did con-
tribute positively to decision-making, and should be used when arguing for replacing
fossil fuels. I suggest to have a stance in this argument, by knowing results of for instance
environmental and social impact assessments of SDH technology.

• The community’s wish to be self-determined, and autonomous in their decisions on energy
issues, hence the reliability of SDH systems should be put forward as an argument.

• Price-efficiency of SDH - Full-cost calculations turned out to be a good tool for over-
coming the socio-economic barrier of the supposedly lower heat-price of oil and also CHP
fueled by biogas and biomass, once the EEG-funding stops.

• Further nudges that could favor SDH in the future are political instruments such as en-
couraging Germany’s phase-out from coal through use of 2021’s CO2-tax (truly taxing).

• The complete phase-out of electricity EEG-subsidies on BM and BG generation and
introduction of EEG-funding on heat generation would potentially favor SDH.

• Official heat transition strategy including policies, such as assigning STS fields for
each municipality, are (often) lacking and should be developed on a (local) government
level.

A potential limitation of this method is that categories (B1, B2, B3) were pre-determined and
guided as described and thus supposedly impose a bias of sorts on interviewees as they could not
freely talk. I tried to circumvent this by framing the final interview question as an open question
to address any barriers. Further, the interviewees’ answers were not compared to literature on
RES application (potentially scarce) in villages/BED. Another critique on the method is that
mostly professionals favoring the technology and approach of SDH were interviewed. There
was no representation of those opposed to solar thermal energy technology. This would have
been very useful, especially in the phase of understanding social hindrances.

Potential research findings I consider favorable and necessary for further understanding the
barriers are: first, analyzing how well-suited BED with a high potential from chapter 5 evaluate
the option to expand the BED’s heat supply. Interviewing experts that are likely to (negatively)
criticize SDH in order to see the negative consequence of the use of this technology and form a
holistic perspective on SDH would also address the barriers outlined above. Secondly, assessing
specifically the social impacts of solar thermal technology on a Bioenergy-Village level in order
to include the input of the local people. This would allow for the just implementation of new
RES technologies enabling a eco-socially sound transition towards renewable energies villages.
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Humanity must transition its energy systems in order to avoid the catastrophic consequences
that the extraction and burning of conventional fossil fuels are causing. In Germany, the tran-
sition towards a renewable fuel energy system is underway exemplified by the rural Bioenergy-
Village movement. Today, Germany’s heating sector is only 14.5% supplied by renewable energy
sources (RES), of which two thirds are covered by biomass and only 5% by solar thermal. Solar
Thermal Systems (STS) were found to be about 50 times as land-efficient as biomass. On one
hand, the country’s demand for BM is growing, even though it is a limited domestic energy
resource at the root of some conflicts, such as land-use disputes. On the other hand, the number
of STS is stagnating in Germany. In 2019, only 62,700 m2 out of 19.3 M m2 were comprised
of 34 large-scale STS. Further, many scholars find that district heating (DH) and individual
mixes of RES are required for a fossil free heating sector.
The research subject "Bioenergiedörfer" (BED) cover their heating demand with DH supplied
by at least 50% RES, with the majority of these being biomass and biogas. These energy
systems also tend to make use of alternative organisational forms (see 4.1). The increasing
occurrence of BM scarcities has led to the proposal of transforming the BED to renewable-
energy-villages as a potential solution. [Jenssen et al., 2014] To that effect, there are 159 BED
and 45 planned BED (pBED) currently in Germany promising to advance the domestic heating
transition through citizen energy projects. However, their overall techno-economic potential for
SDH has not been estimated yet. For determining the optimal share of the different individual
RES technologies, it was considered important to look into the surrounding external technolog-
ical renewable resources available for each BED. Accordingly, the biomass residue potential for
limited biomass was analyzed as well as the potential socio-organisational barriers hindering a
build-up of SDH in the BED. This flowed into the main research question presented in Chapter
2.

Discussion of results

A multi-criteria analysis (M2.1) was developed and utilized for finding the techno-economic
potential on the supply side. Two groups of BED could be found that suit an implementation
of SDH. First, 15 BED exist that have BM units of more than 1.5 MWth installed and could
suit SDH, since the fuel and wood-chips can serve as seasonal fuel storage and be burned when
required. Second, as the EEG-funding on CHP is being phased out, 9 BED have BG-based
CHP units that are likely to (partially) stop their energy generation and thus can be poten-
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tially replaced by other RES technologies such as SDH. After I had obtained FNR-data into the
data-sheet, I became aware of a "meta-analysis" based on the BED data-sheets of BED from
2015 containing 160 BED [Folker and Eigner-Thiel, 2016]. On first sight, the overviews seem
to point into a similar direction - though the data was not used for more than an overview.
Whereas, I further the spread-sheet for assessing the BED’s techno-economical potential, which
main finding were the following: the annual heat demand of all BED and pBED is around 2100
GWhth. In total, 104 BED and 35 planned BED show to have supply rate of less than 70%, and
a heat demand for a solar fraction of 20% (C1 in Table 5.1) which equivalents a total STC field
of about 270,000 m2 is the estimated technological potential for Germany’s BED and pBED.
Second, if a minimum heat demand (C2) equivalent to a field size of 1000 m2 is additionally
assumed, the theoretical STC area potential is about 238,000 m2 in 56 BED and 18 pBED.
This is equivalent to about four times the 62,700 m2 of large-scale STS currently installed in
the country (compare 4.5.2). Additionally, equipping all 74 potential BED and pBED with
SDH with a solar fraction of 20% would incur a base capital price of around 121 M e .
The second analysis shows the indicative theoretical energy potentials (REP) of three types of
BM surrounding each BED in a radius of 50 km. The average REP values in the immediate
surrounding of each BED and pBED for forest, agriculture and livestock are 8.60 PJ(ranging
from 1.3 to 13.73 PJ/a ), 2.47 PJ (ranging from 0.34 to 5.71 PJ/a) and 2.09 PJ (ranging from
0.5 to 6.33 PJ/a) respectively. For each type of REP, a bottom group of BED can be identified
that has the lowest access of each type of REP. These are likely to be confronted with a limi-
tation of the remaining unused biomass potential (see also 4.2.3). - especially those with low
forest REP and BM-boilers that require solid BM. At this stage, I consider it recommendable
to make use of biomass REP values as indicators and to integrate them into a more profound
MCA analysis. The Hotmaps project [Hotmaps Project] that intends to bring the demand and
supply sides together, but do not allow for an assessment of the coordinate/village - specific
BM, what should be taken into consideration.
Generally, the findings from the (M4) semi-structured interviews seem to overlap in the results
of survey conducted by (see section 7.1 and [Geiger, 2019]. The following recommendation
for implementation can be provided on basis of the interviews: First, different legal forms
used in Germany’s BED do not seem to strongly influence the decision-making process for a new
RES technology in the DH network - whereas the location of BED within Germany (northern or
southern state) do show to have an influence. Second, a (group of) "maker"(s) and the backup
of the mayor and city council is needed to implement any RES project. Conducting any RES
project, the "makers" need to be known and the backing of the mayor must be secured. Third,
the current funding programs are considered a necessary condition for a further roll-out of SDH
projects - though accumulation of funding should be avoided. It is recommendable to explain
the heat price via a "full-cost-calculation" to economically compete against fossil fuels. Fourth,
the social barrier on the fact that large-scaled thermal collector fields as part of SDH are widely
unknown in Germany and only few SDH exist - for that reason it can be recommended to find
a Best Practise within Germany for excursions when conducting projects.
Further, policy recommendations found via the interviews could be: First, a (i) "heat transition
strategy" on the federal states level that assign a specific space for SDH for each municipality,
second, a (ii) (high) carbon-tax as policy so that these costs are noticed in a full-cost-calculation
and, third, a (iii) "funding corridor" comprising an upper and lower funding limit.
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Limitations

Method (M2.1)’s limitation is potentially calculated heat demand only depicts an approximation
of district heating and not being representative of the whole village’s demand. Further, the
FNR’s data-sheets did not allow an in-depth analysis, necessitating a meta-analysis to find
suited BED. Moreover, there were some data gaps in the FNR’s data-sheets, on both the
supply and demand sides, so that some supply and demand sides could not be included in the
analysis or had to be interpolated. The limitation of analyzing the (M3) GIS biomass REP that
the calculation method sums up the "theoretical maximum REP" in a radius of 50 km (variable)
around each BED. It does not account for overlapping with other BED’s radii and potentially
double-counts the REP multiple times. Further, the data-bases of the different REP are diverse
and have a "district-sharp" (NUTS3-level) resolution, which likely does not allow to scale down
the radius too much, however radii below 50 km are feasible expected be due to the size of the
district in NUTS3-resolution. The limitation of (M4) socio-organisational barrier analysis via
semi-structured interviews (chapter 7.3 is that it only focused on experts already favoring of
SDH, BM and BED limiting the findings of the interviews to certain implementation barriers.

Further research: The COVID-19 pandemic’s outbreak in March 2020 influenced this research
design (see also Preface & Disclaimer), resulting in the research taking the form of a barrier
analysis - interviewing SDH and BED experts and not BED-planners in situ. At this stage of
my research, I consider a survey with energy-planners of for instance all 74 high potential as
useful, to foster the understanding of socio-organisational hurdles of BED and to boost BED
participants’ awareness of SDH technology. However, groups of groups of high potential BED
for SDH are known now, such a DH-model can be set up and and specifically adapted to some
BED. When travels are permitted again (June, 15th, 2020) high-potential (based on C1, C2)
BED should be visited, to discuss the model, understand village-specific potentials, and gain
insight into the specific situation and decision-making structures.
Regarding the BM spacial REP analysis, first, the assessment must take the REP of surrounding
BED (and other villages) within the radius of a specific BED into account and be developed
further towards merging each BED’s REP with the REP of adjacent (BED-)villages. Second,
this revised accounting method can be used to complete a supply side MCA that extends beyond
the REP of BM to external RES as criteria. It could result in a village-specific matrix of all
RES potentials (e.g. wind, solar, geothermal) and the BM REP. It should enable the energy
planning process not only for BED, but for European renewable energy villages.
In a last step, the method of the Multi-Criteria-Analysis should be further extended to also
comprise criteria beyond the RES and the technological supply and demand side. I would argue
for it to also contain results from environmental (EIA) and social impact assessment (SIA) of
solar thermal technology - as done in Denmark in other RES projects [Larsen et al., 2018]. The
EIA can be based on, for instance, a full Life-Cycle Assessment of the technology or further
comprise the "Energy return on investment". This potentially enhances a more ecologically and
socially sound transition towards renewable energy villages.
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"Bioenergiedörfer" (BED) show to have to have a good potential to help with Germany’s heat
energy transition. 74 BED villages were found to fit the criteria for being suitable for supporting
SDH, which are: (C1) a low supply rate of less than 70% m2) and (C2) a heat demand equivalent
to a SDH of 1000 m2. They comprise a theoretical potential of in total 240,000 m2 collector areas
requiring a base capital price of about 121 M e . Further, other BED groups based on supply
side criteria (high BM-boiler capacity, old BG-CHP capacity) could be determined that are well-
suited for the implementation of other RES technology such as SDH from a technological supply
side perspective. From a technological standpoint, based on the multiple-criteria-analysis four
groups of BED meet at least one demand and supply side criteria and are thus suitable for SDH.
It is recommendable choosing some individual projects and perform more in-depth analyses
based on an energy-system model. Also, from an external RES perspective, the biomass residue
energy potentials of each BED were assessed allowing to identify groups of BED with low
biomass residues, that could be assigned with particular potentials for SDH implementation.
This method is recommended to be included into the MCA method developed, but also other
energy planning tools such as the "Hotmaps project". Moreover, the BED’s socio-organisational
landscape seem to provide a solid basis to further transition Germany’s heating sector by
implementation of SDH, though barriers exist. Decision-making processes seems to depend on
the location of the BED within Germany, but unaffected by legal form chosen. Social barriers for
SDH implementation are that the technology is mostly unknown, and that a maker is required to
implement the project. The means to overcome these barriers are for instance, (1) excursion to
SDH projects within Germany and providing (1) full-cost-calculations, but also policy proposals
such as a (3) "funding corridor" prescribing a minimum and maximum to the subsidies or (4)
binding municipalities to assign areas for solar thermal. Today, Germany’s funding-programs
support the development of SDH, giving a positive prognosis for the near future. However,
in Germany’s climate&energy politics absurdities are almost a daily occurrence. A prime
example of such occurred on May, 30th 2020, when the country powered up Datteln4, a brand-
new 1.1 GWel coal power plant WDR [2020] - ignoring the country’s coal-phase out in 2038
and the fact that we are, globally, in the middle of the climate crisis. If Germany’s federal
government continues to perturb her "Energiewende" in this way and keeps political frameworks
in accordance with the Datteln4 -example, the one-time chance of transitioning on of the biggest
economies, before climate tipping points are reached, is at stake - and so are fossil free and
autonomous renewable energy villages using potentially convivial technologies such as SDH.
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Appendices

Appendix A: Processing Data with Q-GIS / PostGIS

Processing and merging the data of the district level (NUTS3) (a,b,c) with the data spots
(i,ii,iii) another GIS software was utilized - PostGIS. The residue layers (a, b, c) are in a
NUTS3-format (district-sharp resolution of Europa-28) areas and have the format of polygons,
which have the discrete forms of the districts (NUTS3) illustrated in the map in Figure 6.1 as
’nutse’. These NUTS3-layers contain the information of the residue types a),b), c) as depicted
in Table 6.1. The data is processed and merged in three steps. In a first step (see 1-step in
A the vector point layer containing the locations of the BED get a ’buffered circle’ of 50 km
radius. This buffered BED is than intersected with the residue layers to obtain the relative
amount of intersecting area.

Figure A: Query or command code that merges the district biomass potential residue data with
a buffer of a 50 km radius around the coordinates of the BED and pBED

In a second step, these calculated intersections are multiplied with the residue energy value (in
PJ) with the relative share of the intersection calculated in the step above. In a third and final
step, the energy values (in PJ) are summed up to one final value for each (i) BED, respectively
(ii) pBED and for each residue type (a,b,c). [Note: Supported by Niels Bach-Sørensen]
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Appendix B: Interview Partners

(i-1) Dr. Hansen - Fachagentur nachwachsende Rohstoffe
Dr. Hansen works in public relation for bioenergy at FNR. He is specialized in heating with
wood, bio-fuels and further responsible for the BED-competition and the Bio-Energy-Villages
(now: Bioenergy-Communities), further he is responsible for the BED-homepage of the FNR,
that depicts a map of BED and further technical information for other interested villages. The
FNR and he are not competitors of any engineering consultants.

(i-2) Dr. Westholm - Hamburg Institut
Dr. Westholm has been working for 7 years at Hamburg Institute, that is primarily a consul-
tancy for the German ‚Energiewende‘. He is social scientist working as political sociologist and
in environmental politics.. At Hamburg Institut he works on policy control instruments that
can help federal governments to enhance concepts in climate protection especially focusing the
heat transition in Germany. His last project was an accompanying research project for the
SolnetBW program of Germany’s south-wester federal state Baden-Württemberg.

(i-3) M. Rudewig - BED Mengsberg, electrical engineer
M. Rudewig is electrical engineer from Mensberg, he planned 50 wind turbines and is operating
them and in the managing board of the cooperative Mengsberg that planned the DH supplied
by a STS and BM boilers.

(i-4) H. Gröbmeyer - BED Moosach, Climate Protection - Manager 34 years as
teacher at professional school, lastly director of a professional school for construction, knows
heating concepts for building areas also from the municipal council, climate-protection manager
from Ebersberg where he founded an energy agency (today: 20 staff), founding energy coop-
erative: citizen energy, together with communes, a local community organization that bought
the electricity grid of the county

(i-5) Hr. Dürr-Pucher - lobbyist at RES plattform BW
Self-employed, project-development company: clean-energy, Leader of project development of
Solarcomplex AG: department BED, Public relations in city councils, lobbyist at RES plattform
BW (wind, pv, DH); involved in BED Mauenheim, first BED in BW with BG-boiler in 2005 in
which Solarcomplex AG partnered.

(i-6) Bene Müller – Management Board Solarcomplex AG
Bene Müller, is one out of 20 founders of the ‚Solarcomplex AG‘ and today in the managing
board.. In total the combination of SDH and BM has been built three times. Currently, two
projects are being built (Häusern, Jungnau).

(i-7) G. Brandt - BED Jühnde, Management Board
He did not revision the notes.
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