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1 Challenges and Opportunities of Solid Biomass
Utilization in progressively electrified energy systems

1.1 Introduction

A clean energy transition is the biggest challenge to achieve carbon neutrality by 2050 in the EU,
as the production and use of energy account for more than 75% of the EU’s greenhouse gas
emissions [1]. Key principles of the European Green Deal focus on energy security and
affordability, energy efficiency and digitalization of the energy market [2]. Renewable energy plays
a key role to decarbonize the energy system [3], accounting for around 24% of EU’s final energy
consumption in 2023 [4]. The EU is still heavily dependent on the imports of energy products with
a share of 56% in 2021, mainly consisting of fossil fuels. Meanwhile, primary energy generation
which is shown per fuel from 1990 to 2022 in the EU-27 in Figure 1, shows an increase in the
production of renewables and in particular at rippling of biofuels (related fuels from biogenic origin)
over the last three decades [5].

Bioenergy contributes to approximately 59% of the renewable energy mix, resulting in about 14%
of the final energy demand. Besides liquid biofuels, biogas/biomethane and municipal waste, solid
biofuels represent the largest share of bioenergy with about 70%. The importance of solid
biomass as an energy source is particularly evident in the heating and cooling sector, as well as
in electricity generation [7]. Figure 2 shows the renewable gross final energy consumption in the
EU-27 by technology.
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Figure 2: Renewable gross final energy consumption in the EU-27 by technology [8]

In order to implement the above-mentioned key priorities, the EU is focusing on the extended
integration of energy systems to create stronger links between different energy carriers, energy
infrastructure and consumption sectors. This includes a strong focus on electrification on demand
(e.g. by electric vehicles, heat pumps, industrial processes) directly or indirectly by conversion
technologies. In the heating and cooling sector, the electrification does not always represent the
most efficient decarbonization solution (e.g. economically, dependent on the electricity source
and its share of renewables), unless it could be based on renewable heat or waste heat [9].

In the further context of this study, the focus was primarily on the heating sector because heating
and cooling account for approximately half of the EU energy consumption [10]. Due to its
significant role in the heating sector, this study focuses on solid woody biomass [7]. On this basis,
literature research has been conducted to identify the main sectors, in which the use of solid
biomass has the strongest potentials to accompany the electrification and to investigate related
challenges and bottlenecks.

Identification of main sectors for solid biomass utilization
accompanying electricity-based technologies

Besides other renewable energy sources such as solarthermal and geothermal with still relatively
low shares in renewable heating, the extended use of bioenergy as well as technologies that are
powered by renewable electricity are the most promising ways to decarbonize the heating and
cooling sector [11]. Within this sector, space heating and domestic hot water in buildings account
for about 60% of energy consumption, while industrial process heat (e.g. steel or paper industries)
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makes up about 33% and the remaining 7% is consumed in agriculture and for cooling [12]. Based
on this information, the most important sectors in which solid biomass utilization can have the
greatest impact are the following:

m Space heating
m District heating and cogeneration
= Industrial process heat

Space heating

Space heating includes the provision of heat especially during colder periods for residential,
commercial and public buildings.

About 68 million gas and 18 million oil boilers still exist in residential buildings in the EU, while
heat pumps could replace 30 million boilers [13]. This means that still another 56 million boilers
should be replaced by 2050, where biomass could have a significant share. In another study, an
annual installed thermal capacity of 21 GW in 2030 is estimated [14], which could translated to
the annual installation of 0,8 to 1,4 million biomass boilers in residential buildings, leading to a
total of 16 to 28 million installed biomass boilers in 2050°. Synergies between biomass boilers
and heat pumps exist due to the optimal provision of thermal energy in different temperature
levels. While biomass boilers are suitable to provide higher flow temperatures (e.g. >50°C), the
operation of heat pumps is more efficient when they provide heat at lower flow temperature (e.g.
35°C). Besides heat pumps, a surprisingly high number of electric direct heating systems still
exist, however it is expected that other technologies will be more competitive due to its
performance and economics in the long run [15]. Additionally, solar thermal plants could play a
significant role in space heating in the future in order to decarbonize the energy system [14] [15];
it can be expected that this applies in moderate to warmer climatic regions with rather lower
heating demands.

This means that the building-integrated utilization of biomass is especially suitable in cold climatic
regions, buildings that require medium flow temperatures (e.g. < 50°C) or are less insulated,
resulting in the highest potentials in the existing building stock. On the other hand, heat pumps
perform most energy efficient by providing lower flow temperatures (e.g. 30-40°C) in well
insulated buildings.

Furthermore, the overall thermal demand for space heating is expected to decrease primarily due
to efficiency measures (e.g. improved building insulation, performance of devices), as it is aimed
to reduce the building’s energy use by at least 60% by 2030 [12], while the final energy demand

1 Based on an assumed range of thermal capacity of 15 kW for single family houses up to 250 kW for apartment
blocks, over the period of 20 years from 2030 to 2050.
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for space and water heating could reduce by about 40% in 2050 [15]. Although, the present
building renovation rate needs to be doubled to achieve this [16]

District heating and cogeneration

District heating

In the EU, approximately 10% of the heat demand is covered by district heating [17], supplying
more than 67 million citizens [18]. Almost 70% of the heat produced in the EU-27 is supplied from
cogeneration processes. The number of fossil-fuel based heating and Combined Heat and Power
(CHP)-plants in the EU for district heating is unknown. The total share of fossil fuels in CHP plants
is about 75%, whereas for heat only units, the share is slightly lower accounting for 66% of heat
supply. The overall share of renewable energy in EU’s district heat is 21%, where 16% come from
biomass and 5% from renewable waste [19]. This means that biomass provided 80% of the
renewable heat in 2022.

While the final energy demand in buildings is expected to decrease due to efficiency measures
as mentioned in chapter 1.2.1 on the one hand, decarbonization measures lead to an increased
number of connected buildings in district heating networks [20] (new and existing buildings), ,
especially in urban areas and in existing local grids in rural regions. Overall, a decline in the total
demand can be expected by 2050 [21]. Although, studies showed that the district heating potential
could increase only by 11% by 2050 (compared to 2020) as a measure to connect more buildings
to (existing) district heating networks [22].

In terms of heating technology, biomass and electricity-based technologies fulfil usually different
roles, while the combination of both in district heating networks could lead to increased
efficiencies due to synergetic effects (e.g. utilization of flexible market conditions, optimal
technological use in partial-load operation). Their typical roles are [23]:

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



Parameter

Biomass Boilers/CHPs

Heat Pumps

Load type provided

Sector coupling
effects

Optimal flow
temperatures
Additional flexibility
integration potentials

Base load (predominant)
Peak load (rarely, e.g. pellets [24])

Heat and electricity provision via
CHPs
Medium to high

Limited to Medium (e.g. biogenic
waste), dependend on utilized fuel

Base load (e.g. ground source
heat pump)

Peak load (most commonly)
Load shifting by flexible use of
available electricity

Low to medium

High (waste heat, ambient
heat, solar heat)

and technology

Emissions Direct emissions — close to Indirect emissions - highly

CO:2- neutral over entire life circle; dependent on the used
Bioenergy carbon capture (BECCS) electricity mix
technologies enable negative

emissions

There is a trend towards lowering temperature regimes in the so called 4" generation district
heating networks (significantly lower temperatures ~35 — 70°C that increase efficiency and allow
the integration of a broader range of technologies),, as well as the combination of heating and
cooling in the so called 5" generation [25].

Present trends show that heat pumps are especially installed where waste heat can be utilized or
in cases where excess (low-priced) electricity exists. In previous studies it has been shown that
heat pumps could cause relatively high peaks in electricity consumption in the grid, depending on
the considered scenario [15].

Cogeneration

CHPs in district heating networks provide a resource- and cost-effective option for heat and power
generation [26], as well as in the form of small to medium scale on-site solutions, where high
energy demands in heat and power are prevalent [27]. Biomass as an energy carrier for CHP is
required as flexibility option for the energy system in order to satisfy energy demands, especially
when other renewable energies can’t fulfil it [26]. At present, the share of fossil-fuel-based
cogeneration units in the European energy system is quite high. This leaves a significant potential
to substitute those with bioenergy and other renewable options. As the increased combustion of
biomass helped to reduce fossil fuel consumption, it also increased to higher air pollution and
emissions of particulate matter and volatile organic compounds across the EU [28]. Furthermore,
to mitigate biomass-based COz emissions, biomass powered CHP plants should be coupled with
carbon capture and storage (CCS) to reduce CO:z emissions and render the activity carbon
negative. Although BECCS technologies require large investments [29]. In terms of efficiency
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measures of the cogeneration market units, the EU aims to promote CCHP — combined cooling,
heat and power [30].

Industrial process heat

Decarbonizing industrial process heat is a cornerstone of the EU’s strategy to achieve climate
neutrality, as industrial process heat accounts for a substantial share of energy consumption and
greenhouse gas (GHG) emissions [12]. Transitioning to renewable energy carriers, including solid
biomass and electrification technologies, tailored to specific temperature requirements, is
essential to cut industrial emissions.

Across temperature ranges, industrial heat uses vary, necessitating diverse solutions. A range of
processes and related temperature levels are shown in the following graph.

Solid biomass and electrification technologies address these requirements effectively [31] [32]
[33] [34]:

e Low-Temperature Heat (<150°C): Electricity plays a dominant role, with heat pumps and
resistance heating providing efficient solutions. Solar thermal energy also supports low-
temperature processes. Woody biomass serves as a renewable alternative in specific.

e Medium-Temperature Heat (150-400°C): Solid biomass provides stable heat in this
range through biomass boilers and thermal oil systems. Electrification technologies,
including electrode boilers and direct resistance heating, complement biomass,
especially for processes demanding precise temperature control.
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e High-Temperature Heat (>400°C): The direct use of solid biomass is not optimal to
achieve these process temperatures, although when coupled with gasification or
pyrolysis technologies, it provides a well suited option. Alternative solutions to solid fuels
are the use of biomethane and green hydrogen. Advanced electric heating technologies,
such as plasma arcs and induction heaters, provide alternatives, though challenges with
scaling electrification persist for high-temperature processes, as well as being capital
intensive.

Today, solid biomass is widely used in sectors like paper and pulp, ceramics, and food
processing, while electrification technologies are increasingly deployed in low-temperature
applications such as drying and washing. Co-firing solid biomass in fossil fuel plants is a simple
solution to reduce emissions with minimal infrastructure changes and therefore moderate
investment for immediate results [11]. Future trends include enhanced biomass combustion and
gasification system, development of high-efficiency electric heating technologies, including
microwave and infrared heating, as well as integration of carbon capture and storage (CCS) with
biomass systems, enabling carbon-negative solutions [34] [35].

It should be noted that hybrid systems combining biomass and electrification technologies offer
flexibility and scalability to meet diverse industrial heat needs.

Challenges of the electrification of the energy system and the
utilization of solid biomass

Electrification

The electricity consumption in the EU is expected to increase by around 60% between now and
2030 according to the European Commission [36]. For example, residential heating by heat
pumps could increase the total electricity demand in 2030 by 5% on average (up to 11% in winter
months); the monthly peak demand could increase by 36% in winter months based on the
operation mode [13].

Electrification of the heating sector faces the following challenges:

In terms of economic feasibility, electrification technologies face high initial investment costs
compared to traditional fossil fuel systems, and operational costs depend highly on electricity
prices [37].

Technical and infrastructure related challenges exist in different dimensions [38] [37] [36].

e Grid constraints: Increased electrification requires more robust power systems. Countries with
cold winters, hot summers or extreme seasonal temperature variations face particular
challenges in upgrading their power system’s infrastructure in order to supply the demand,
potentially stalling deployment efforts.
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e Thermal performance: Heat pumps, a cornerstone of electrification, struggle to deliver
adequate heating in poorly insulated buildings, limiting their application from an economic
and operational perspective.

e Long-term flexibility: Electrification increases electricity demand, requiring investments in
storage solutions and flexible grid capacities. EU-wide investment of €584 billion is estimated
to replace aging infrastructure and enhance cross-border transmission.

To fully leverage electrification, demand-side flexibility must be incentivized, ensuring consumers
adapt to variable tariffs and energy consumption patterns. Regulatory frameworks must support
integration between the heating and power sectors to streamline the transition [38].

Biomass utilization

The use of solid biomass in the heating sector faces the following challenges:

Related to supply and logistics, the rising biomass demand poses challenges in transportation
and ensuring a steady supply for large-scale heating systems. EU imports could further strain
global markets, exacerbating supply chain issues [39].

Environmental and sustainability concerns affect air quality as the combustion of biomass can
release particulate matter and emissions, particularly in retrofitted plants or co-firing setups.
Integrating Carbon Capture and Storage (CCS) could mitigate CO2 emissions or even achieve
negative emissions [35].

Furthermore, continuous and sustainable forest management practices can increase EU biomass
harvest from 420 to 493 million m3 annually. However, concerns about biodiversity, ecosystem
preservation, and the scale of extraction remain [40].

Innovation needs exist as advanced technologies are required to address environmental
concerns and improve efficiency. For instance, emerging low-emission boilers and co-firing
systems demonstrate promising results but require further development.

Challenges and bottlenecks for consumers

End consumers face several challenges when considering biomass-based and electricity-based
heating technologies. There are several key factors influencing their decision, which leads to a
high complexity in the choices of consumers [41] [42] [43] [21] [44]:

e Decision-making complexity: There is a wide array of heating technologies available, each
with different energy labels and sources, ranging from domestic to imported fuels. Personal
preferences and ownerships, as well as varying levels of technological knowledge further
complicate the selection process. This complexity can lead to decision paralysis or reliance
on familiar technologies.
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e Initial investment costs and subsidies: The upfront costs of installing biomass or electric
heating systems are often higher compared to traditional fossil fuel-based options. While
subsidies and incentives exist to offset these expenses, their availability and adequacy vary
across regions, influencing consumer decisions.

e Regulatory and policy framework: Government policies and incentives play a significant role
in promoting certain technologies over others. However, inconsistent or rapidly changing
regulations can create uncertainty, deterring consumers from investing in new heating
systems.

e Consumer preferences and perceptions: Biomass boilers are often perceived as traditional,
while heat pumps are viewed as modern alternatives. These perceptions, along with concerns
about noise levels (esp. fans of heat pumps), supply security, and maintenance requirements,
influence consumer choices. To extend this, technology-specific misinformation needs to be
stronger addressed in order to tackle related challenges that strongly influence customer’s
choices.

e Fuel supply chain and convenience: Electricity is generally considered a convenient energy
source due to its widespread availability and established infrastructure. Existing electricity
grid infrastructure sets limits to the capacities of electricity generation and consumption. In
contrast, biomass heating requires a steady and reliable supply of fuel, which can pose
logistical challenges for consumers (e.g. delivery, storage), especially in urban areas.

e Maintenance requirements: Biomass heating systems often demand more regular
maintenance compared to electric systems, which can be a deterrent for consumers seeking
low-maintenance solutions. To add, as heat pumps are a rather new technology, there is still
a gap in training technicians for installations and maintenance.

Addressing these challenges through clear information, stable policy support, and streamlined
processes can facilitate consumer adoption of sustainable heating technologies.

1.4 Hybrid heating systems

Hybrid heating systems, also known as bivalent systems, use more than one energy source, thus
combining synergies of different technologies and energy carriers. Such an exemplary system
could consist of a biomass boiler or stove combined with an air source heat pump. In this example,
the heat pump is used in summer for cooling purposes and for heating at moderate ambient
temperature levels as well as for domestic hot water, while the biomass boiler or stove is best
used at cold ambient temperature levels or at times of high electricity prices to provide space
heating and domestic hot water. Investing in both systems means higher initial investment costs,
although in the long term, this could be economically feasible when the hybrid heating system is
controlled in a smart way, leading to efficient operation, thus saving costs and emissions in the
long term. Besides these aspects, hybrid systems tend to require more space (e.g. biomass
storage), and have higher initial investment and ongoing maintenance costs.
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Another quite common combination is the coupling of biomass boilers solar thermal systems,
especially for the provision of hot water [45]. Furthermore, heat pumps are sometimes coupled
with wood stoves for single-room heating, hot water and cooking [46] in single family buildings.
The use of hybrid systems also applies to district heating networks, where the integration of heat
pumps could e.g. bring more flexibility and/or enable the use of other (waste) heat sources [47].
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2 Quantitative and qualitative analyses on the effects of
solid biomass utilization and electric heating
appliances

In this chapter, a quantitative evaluation of the performance of biomass boilers and heat pumps
has been carried out to assess the impact of the ongoing electrification of the residential heating
sector and the role of biomass in this transformation. In addition, qualitative information has been
researched to provide more knowledge on related issues.

Quantitative evaluation of the development of the residential
heating sector in four countries up to 2040

At first, available data sets in the EU were assessed to identify differences between member
states for the selection of the quantification use cases, which is shown in the next subchapter.
Afterwards, the quantitative analysis on the household heating sector was performed.

Country selection

In order to select four EU member states for the quantitative investigation, influencing
characteristics on the decision were discussed and defined. It was aimed to select a diversity of
countries in order to investigate different outcomes based on the following factors:

e Heating degree days (HDD) — as they highly impact the space heating demand of
buildings based on the climatic conditions. Countries with medium to high HDD values
were focused in this study, as countries with low HDD values were assumed to have a
marginal impact in the following investigation.

e Final energy demand for residential space heating per household- provides information
on the energy intensity, depending on energy efficiency standards and user behaviour

e Predominant energy carriers for residential space heating — gives an overview of
predominant fuels/energy sources used for heating, from highest to lowest shares in
descending order

Based on these factors and on data availability, the following four countries, as shown in Table 2,
were selected in order to provide a diverse portfolio for the quantitative investigation:

— Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating
appliances
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Table 2: Identified characteristic for selected countries and the EU27-average (Data source: EUROSTAT)

Country Heating Degree
Days (avg. 2014-
2023) [HDD/a]

Final Energy Demand for
Residential Space
Heating per Household
(2022) [MWh/a]

Predominant Energy Carriers
for Residential Space Heating
(2022) [- ; 1... high, 9... low]

1. Biomass
2. Natural Gas
3. Heating Oil
4. District Heating
1. Natural Gas
2. Heating Oil
3. Biomass
4. District Heating
1. Natural Gas
2. Biomass
3. Electricity
4. Ambient Heat (HPs)
1. District Heating
2. Electricity
3. Biomass
4. Heating Oil
1. Natural Gas
2. Biomass
3. Heating Oil
4. District Heating
5. Electricity
6. Ambient Heat (HPs)
7. Coal
8.+ 9. Solar thermal/ biogas

Austria 3317

Germany

Sweden

EU-27 Average 2921 8,9

In Table 2, average heating degree day values for the period 2014 — 2023 [48] are shown, while
the final energy demands for space heating [49] is used to display the utilized energy carriers in
descending order and the total demand was used in combination the total number of households
[50] to calculate the space heating energy demands per household.

Quantitative model and results

Introduction

In this section, the quantitative analysis and its results are described in order to investigate
potential scenarios of the development of heating technologies such as heat pumps and biomass
boilers up to 2040.
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The model is based on existing and proposed future values (per country) of:

e Heating technologies
0 Shares
o Efficiencies
o0 Rated power output
e Energy carriers for heating
o Costs
o Emissions
e Building stock
0 Shares of single- & double family houses
o Living space
0 Renovation rates
o Energy demands for space heating & domestic hot water
e Climate data
0 Heating degree days (HDD)
0 Ambient temperature

Building stock

Single family and double family buildings are investigated. Assumptions of the development of
the building stock until 2040 are based on historic constructions from 2000-2024. France and
Germany have approximately the same amount of single and double family dwellings, however
the share in the total dwelling stock differs [51]. The existing building stock decreases by 0.3%
per year while new buildings are added, and old buildings are retrofitted. As a result, the stock of
old buildings decreases over time, whereas numbers of new and retrofitted buildings increase.
New buildings are defined with a construction year starting from 2000. Old buildings are retrofitted
with realistic country specific renovation rates. A peak in the renovation rates of the investigated
countries was reached around 2010 and decreased afterwards. The renovation rates range from
0.9 to 1.8%, which is significantly lower than the proposed 3% by the European Commission [52]
[53]. This might lead in consequence to the existence of more old buildings than anticipated.
Realistic renovation rates are applied according to the main goal of the study, which is to
investigate the importance of biomass in the heating sector based on realistic assumptions about
potential changes. The modelled building stock of single and double family houses for each
country is shown in Figure 4.

— Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating
appliances
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France has the highest share of single and double family dwellings (SDFD) in the total dwelling
stock among the four investigated countries. It was decided to further investigate only the primary
residences to reduce complexity and data gaps. It is notable that Sweden has many houses used
as secondary residences. The SDFD-share in the housing stock is an important indicator to
determine the energy demand for space heating and hot water heating in this part of the
residential sector. This is illustrated in Figure 5.
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Figure 5: Shares of single- and double-family dwellings (SDFD) in the overall housing stock (2024) in four

Share of SDFD in the dwelling stock

European countries. France consistently had the highest proportion, while Germany had the lowest.
Energy demand

The transition from fossil-fuel-based heating systems to alternative technologies such as heat
pumps and biomass boilers was modelled based on a logistic development function. This
approach reflects the expected technology ramp-up in which electrification progresses rapidly at
first, driven by installation targets and policy incentives (see infrastructure challenges in Chapter
1.3), before gradually slowing as market saturation is approached.

In the early market penetration phase, the annual installation rates of heat pumps and biomass
systems increase at constant percentage growth levels. Once the threshold is reached, the annual
growth rates change to replacement rates for the remaining stock of other heating systems
including the fossil fuel boilers. The shares are determined by the assumptions of Scenario A or
Scenario B (A: high & B: low market penetration of heat pumps), representing different levels of
market penetration and policy ambition. As the total stock of fossil systems shrinks over time, the
absolute number of replacements and thus the yearly increase in installed heat pumps gradually
declines. The remaining other heating systems are not specified and consist of district heating,
remaining fossil fuel boilers, electric direct heating systems, etc. The S-curve is a proven
approach for modelling technological ramp-up and represents the market penetration of a new
technology [58]. This dynamic S-curve approach allows to investigate not only how fast
electrification progresses, but more importantly in this project. how the mix of heating technologies
impacts the electricity system. As highlighted in Chapter 1.3, a rapid replacement by heat pumps
alone can amplify peak demand, storage needs, and grid expansion requirements, especially in
colder months. In contrast, maintaining or increasing biomass-based heating can provide
dispatchable thermal capacity, lowering peak electric loads and reduce costly grid reinforcements.

—  Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating
appliances
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Direct electric heaters are assumed to remain only a niche option, especially in newly constructed
and deeply renovated buildings, with their shares fixed at today’s levels due to their inefficiency
and high contribution to peak loads.

A constant increase in heat pump installations was assumed due to present market and
installation trends in Europe, however the reality of the year over year change showed a
significant drop in heat pump sales from 2023 to 2024 in France, Germany and Sweden. The
sales remained unchanged in Austria [59]. Therefore, both scenarios explore a possible future
range. Table 3 displays the annual deployment rates, while Figure 6 displays the deployment until
2040 and Fehler! Verweisquelle konnte nicht gefunden werden. shows the scenarios in detail.

Overall, this modelling approach makes it possible to quantify the extent to which flexible biomass
boilers can reduce electricity demand growth and contribute to a more cost-efficient and resilient
energy transition.

Heat pumps 1.12 1.06

Biomass boilers 0.99 1.01
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These deployment rates in scenario A and B result in the total development of heating system as
shown in Figure 6.

Figure 6: Modelled total development of alternative heating systems. Germany and France have a higher
population and therefore need more replacing. Sources: [60] [61] [62] [63] [64] [65] [66] [67].

—  Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating
appliances
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The category of “other” heating systems includes the remaining fossil fuel boilers, as well as
district heating systems (fossil fuel based as well as biomass based), among other sources such
as solar thermal.

In 2023, biomass represented 35% of the European district heating generation, making it the
largest contributor and surpassing natural gas. In terms of the investigated countries, the shares
of biomass in district heating in 2023 represented 64% in Austria, 21% in Germany, 45% in France
and 63% in Sweden [68].

Thus, biomass will continue to play an important role in district heating of Austria by 2040. In the
scenario incorporating existing measures by the Austrian Environmental Agency, 47 PJ of district
heating is supplied by bioenergy, increasing to 63 PJ in the scenario with additional measures,
compared to 44 PJ in 2023. However, natural gas consumption is also projected to rise from 24
PJ in 2023 to 29-44 PJ by 2040 [69].

The following figures 7-10 illustrate the development of the stock of heating systems in all four
investigated countries. Across all four countries, the figures show a common structural trend with
clear differences in magnitude and market maturity. The stock of single- and double family houses
remains mainly stagnant or grows only slightly over the period to 2040.

Biomass heating systems remains relatively constant over time in all countries. They plays a
modest role in Germany and France, and a more visible and stable role in Austria. Germany and
France show the largest absolute increases in the deployment of heat pumps, reflecting both their
large building stocks. Sweden already starts from a high level of heat pump penetration and
continues to grow steadily, indicating a mature market moving toward saturation rather than a
rapid catch-up phase. Austria also experiences significant growth, but the share of heat pumps is
relatively low when compared to the other countries, highlighting the important role of biomass in
the heating sector.
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Figure 7: Modelled total development of alternative heating systems in direct comparison of scenario A and
scenario B in Austria.
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Figure 8: Modelled total development of alternative heating systems in direct comparison of scenario A
and scenario B in Germany.

—  Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating
appliances
Page 22 of 57
Document confidentiality: Internal — no publication without permission from BEST



Stock of heating systems in France (1000)
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Figure 9: Modelled total development of alternative heating systems in direct comparison of scenario A
and scenario B in France.
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Figure 10: Modelled total development of alternative heating systems in direct comparison of scenario A
and scenario B in Sweden.
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Sweden has initially the highest number of heat pumps installed per 1000 households, whereas
Germany hast the lowest number in 2020. Because Sweden has the second lowest share of
single and double family dwellings in the housing stock, the values will be surpassed by France
in 2027 and remain lower afterwards. The highest gap between the low and high scenario for the
heat pump installations exists for Germany as a result of the initial low share. In addition, the case
of Austria is quite similar to Germany as a result of the relatively high share of other existing
heating systems and the building stock. A direct comparison of the scenarios on the basis of the
four investigated countries is shown in Figure 11.
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Figure 11: Modelled relative change in the heat pump stock in direct comparison of scenario A (high) and

scenario B (low).

To calculate the energy demands, the formulas for the useful energy, final energy, heat load of a
building, electric power of the heat pump and the seasonal performance factor (SPF) of heat
pumps were used. The SPF represents the ratio of useful heat output to the total electrical input
over a complete heating season, capturing the real-world efficiency of the heat pump system
under varying operating conditions [70].

Useful energy

24A5p,fsHDD
weat = — g0 LKWHh]
Specific heat load

_PH 1000 w
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Po

Electric power of the HP
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Py, =——
ele ™ COP(T,y)

Final energy

Seasonal performance factor

T,
SPF = Flow

TFlow - THS

PH = Heat load of the building (kW), As = Heated area of the building (m?), ti = indoor design
temperature, (°C) tan = outdoor design temperature (°C), fs = service factor (-), FE = final energy
(J / kwh), SPF = seasonal performance factor (-), HDD = heating degree days (-).

The thermal capacities for biomass boilers and heat pumps for space heating per building type,
as well as independently required for hot water heating are shown in Figure 12.
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Figure 12: Thermal/ electric power capacity of biomass heating systems/ heat pumps in three different

building types for the case of Austria.
Calculation of the total energy demand

To calculate the electric power of all heat pumps in a country, additionally a simultaneity factor of
0.7 [71] and a factor 0.5 for demand side management [72] were introduced. The reason is that
not all heat pumps will run at the same time due to differences within a country such as control
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strategies of the heat pumps, technical constraints and demand patterns of end users, as well as
weather and geographic conditions. The simultaneity factor describes the fact that peak demands
of multiple users or devices do not occur at the same time. When several dwellings are connected
to a shared system, their individual maximum loads are temporally dispersed, so the combined
peak demand is lower than the sum of individual peak capacities. This factor is therefore used to
realistically size shared infrastructure by accounting for natural diversity in user behaviour [71].
The demand-side management factor reflects the extent to which energy demand can be actively
controlled or shifted in time through coordinated operation of flexible loads such as heat pumps.
It captures the ability to deliberately reduce or redistribute peak demand in response to external
signals, rather than relying solely on passive demand diversity [72]. Furthermore, a factor of 0.2
was estimated for additional direct electric heating in Austria, Germany and Sweden when air
source heat pumps alone cannot deliver the required heat for the building at very cold ambient
temperatures. These three factors influence the electric peak demand by heat pumps.

n
Pele_tot = fsim * fcyc * fbackup Z Pele_i * ZST_HP_i_t

i=1

The annual electricity demands for heat pumps in single and double family dwellings in 2040 were
compared to estimated national electricity consumption (Austria: 90 TWh, France: 425 TWh,
Germany: 580 TWh, Sweden: 200 TWh) that are derived from country policy reports. The
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estimations for the electricity consumption are best guesses and not based on detailed modelling
work.

The resulting bandwidths show that heat pumps could account for 3.7-6.7% of total electricity
use in moderate scenarios and up to 4—8.2% in fast heat pump deployment scenarios. The results
show that the share of electricity consumption by heat pumps is low in Austria compared to
Germany and France. Sweden also shows a low share, which is explained by its total electricity
consumption being 122% higher than in Austria. Besides the number of dwellings, the strong role
of biomass in Austria is probably an important factor in lowering the overall electricity consumption
and share of electricity consumption from heating systems.

Share of electricity consumption by heat pumps in SDFD in 20240
9%
8%

7%

6%
5%
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1%
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=S

Table 4 compares current electricity consumption of single and double family dwellings with the
projected share of electricity consumption attributable to heat pumps under two future scenarios.
For each country, the first column reports average household electricity consumption in 2023 in
kilowatt-hours, highlighting substantial cross-country differences, with Germany showing the
lowest consumption and Sweden the highest. In 2023, heat pumps represent a relatively small
share of electricity consumption by single and double family dwellings in Austria (9.3%) and
France (12.5%), a higher share in Germany (14.9%) and the highest share in Sweden (26.8%),
reflecting Sweden’s more advanced electrification of heating.

The second column shows the average electricity consumption by heat pumps in 2023, indicating
that heat pumps currently account for a relatively small share of household electricity use in
Austria, Germany, and France, while they already represent a much larger component in Sweden.
he final two columns present projected average electricity consumption by heat pumps in 2040
under Scenario A and Scenario B. In all countries, heat pump electricity consumption increases
significantly relative to 2023. The relative increase is the strongest in Germany. Average heat
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pump electricity consumption rises between 311-451%. In Austria, average electricity demand by
heat pumps increases by 230% in Scenario A and by 170% in Scenario B. In France, average
electricity consumption by heat pumps grows by about 190% in Scenario A and by approximately
145% in Scenario B. Sweden exhibits the smallest relative increase of 37-49%, reflecting its
already high level of heat pump deployment.

Table 4. Share of household electricity consumption from heat pumps. Data source: [78].

Technology Electricity Average Average Average
consumption in electr|0|t_y electr|C|t_y electrlcn_y
_ consumption consumption consumption
per single/double by HPs in 2023 by HPs in 2040 by HPs
fam”y household [kWh] (Scenario A) (Scenario B)
: kWh kWh
in 2023 [kWh] [ ] [ ]
Austria 5,322 714 2,335 1,907
Germany 3,154 470 2,591 1,934
France 4,973 618 1,771 1,514
Sweden 8,516 2,289 3,419 3,125

Despite the low relative share in overall electricity consumption, the increase in peak electricity
demand is significant. Additional heating demand of single and double family dwellings represents
only a partial share of the total additional electricity demand resulting from electrification in various
sectors. Table 5 shows the scenario dependent increase in peak demand, already including the
simultaneity factor and demand side management. This peak demand needs to be satisfied when
renewable sources such as wind power or and photovoltaic generation are not available. The
benchmark costs for satisfying the peak demand are therefore comparable with investment costs
in gas fired power plants as a back-up, which are in the range of 600-750 €/kW for gas turbine
powered plants and 900-1500 €/kW for efficient plants with combined cycle.

Renewable electricity generation is subject to variability. The investment costs for onshore wind
turbines are in the range of 1100-1900 €/kW and for solar PV between 500-1600 €/kW depending
on the size and specific framework conditions of the project. [79] [80]. The additional costs for
large scale battery storages are currently in the range of 400-600 €/kWh [79]. Furthermore, grid
spendings in the EU in 2025 were estimated at 60 billion Euros; more information on this topic is
available in chapter 2.2 Qualitative findings. The costs associated with the deployment of heat
pumps are strongly region specific and are higher in rural areas compared to urban or suburban
areas., which are in the range of 50-360 €/kWh of installed heat pump capacity in a moderate to
ambitious heat pump deployment scenario.
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Country Overalldemand  Required increase  Overalldemand  Required increase

[GW] [GW] [GW] [GW]
Austria 1.5 1.2 1.2 0.9
France 8.2 5.8 7.0 4.6
Germany 15.2 12.7 11.3 8.8
Sweden 2.8 1.2 25 0.9

Scenario with increased biomass boilers

A scenario with an increased number of biomass boilers was additionally conducted for the use
case of Germany. The country was selected based on the relatively low share of biomass in the
heating sector, as well its high CO2 emission factor of the electricity mix among the four
investigated countries. Furthermore, Germany intends to phase out coal, which is essential from
an environmental standpoint. Although heating with coal is now very rare and overall neglectable
in Germany, it is still important in electricity generation. This transition poses challenges, as coal-
fired power plants currently provide stable baseload supply, while renewable energy technologies
are inherently variable. A doubling of installed biomass boilers in Germany from 1.1 million to 2.2
million can help to reduce the peak electricity demand. The same amount of heat pumps from
scenario B is replaced with biomass boilers. As the number of biomass boilers is relatively low in
Germany, the effect is moderate. However, a reduction of 1.25 GW of electricity demand is the
result, considering the demand side management and simultaneity factor as previously. This is
illustrated in Figure 15. The required electrical connection capacity per heat pump is
approximately 3.9 kW per household, resulting in 4.29 GW in total.

For a conservative estimate of the required costs, the costs of efficient combined-cycle gas turbine
(CCGT) power plants and the grid expansion costs associated with heat pumps are used as
reference values. It is not the intent to install new gas turbines from a climate perspective.
However, as these are flexible and used for provision of peak demand. These costs present the
lower bound of the benchmark for the additional costs required by the additional installations of
heat pumps. To calculate the annual capital costs for additional generation capacity as well as for
grid expansion, the weighted average cost of capital (WACC) is applied in combination with the
capital recovery factor (CRF). For additional power plant capacity, a WACC of 6% and an
economic lifetime of 20 years are assumed. Due to the long-term, low-risk characteristics of grid
infrastructure, a lower WACC of 3% and a lifetime of 60 years are assumed.

A conservative estimate of the cost savings results in a range of approximately 2.4 to 6.6 billion
Euro of required investments to compensate for additional peak demand and grid investment.
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Figure 15. Scenario dependent electricity demand in Germany (A: high, B: low), related to the installed
amount of heat pumps and biomass boilers.

Calculation of the energy demand per 1000 households for comparability between different
countries

The different country characteristics are reflected in the energy demand per 1000 households.
Although heating degree days can vary strongly within one country due to climatic differences,
average values were utilized for the analysis for this purpose. While the number of heat pumps
per 1000 households is in France approximately 49%-113% higher than in Austria, the energy
demand per 1000 households is roughly the same in both countries. The main reasons are lower
standard outside temperature, heating degree days and the lower average living area per
dwelling. Germany shows the lowest energy demand mainly because of the lowest share of SDFD
in the dwelling stock, the number of installed heat pumps is similar to Austria as well as the
average are of the single and double family houses.
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Extreme electrification scenario

An additional scenario was the extreme electrification scenario. Austria was chosen for this case,
because of the highest share of biomass boilers in the stock of heating systems among the four
countries. In this case, the biomass boilers are reduced to a share of 20% in 2040. The results
show that the peak electricity demand increases by 25-53%. In conclusion, this shows that the
rise in demand could especially affect constraints on the electricity grid at times of high demands
and/or cold ambient conditions if heat is provided by air source heat pumps. In addition, the
relatively high share of biomass boilers in Austria dampens the additional peak electricity demand
by the heat pumps.
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Energy costs

Within the framework of the project, it was agreed that only the energy costs per dwelling will be
investigated and costs for technology investments and maintenance are not addressed. The
energy costs for heat pumps and biomass boilers were calculated based on the previously
determined final energy demand for each dwelling. This demand reflects the actual energy input
required to meet the heating needs, after accounting for system efficiencies. Initially, an average
yearly efficiency of 0.78 was assumed for biomass boilers including losses for partial load,
downtimes, etc. A boiler running close to the maximum load can achieve higher efficiencies.
However, in between substantial are assumed. This efficiency will increase over the modelling
period, reaching 82% in 2040.

ECpell = FEPel ppeil / Hu_peil [€/yr]
EChp = FEHP_ele Pele [€/yr]

To determine the costs, historic energy prices were used as a baseline. These prices were
adjusted for inflation to ensure comparability with future cost projections. Two distinct scenarios
were applied to model the possible evolution of energy costs over time:

e Moderate price increase scenario
e High price increase scenario
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Table 6: Scenario dependent factors for pellets and household electricity price developments.

Energy Carrier Moderate-Price ncrease IHigh-Price Increase per
per year [%/a] year [%/a]

Pellets 0.5 115

Household Electricity 1.0 3.0

For biomass, a stronger price stability was assumed in both scenarios [81], based on the
historically lower volatility of biomass fuel prices compared to electricity. The final annual energy
costs for each dwelling were calculated by multiplying the scenario-specific energy price with the
respective final energy demand. This approach allows for a transparent comparison of running
costs between heat pumps and biomass boilers under assumed market conditions. Energy costs
per single family dwelling (in all 3 building types: new, retrofitted and old) are lower for biomass
use, compared to France and Sweden, where heat pumps are the most economically viable
solution, considering only the energy costs without capital and maintenance costs.

Figure 18: Heating energy costs in [€/year] for SFDF. Different housing types (new, retrofitted and old) and
heat pumps and biomass boilers are compared, with space heating and domestic hot water considered.
Sources: [80] [82] [83] [84] [85].

Internal Project Report: The role of biomass for heating in widely electrified energy systems
Page 33 of 57
Document confidentiality: Internal — no publication without permission from BEST



Figure 19 shows the moderate scenario with 0.5% increase in pellet costs and 1.5% household
electricity prices increase. Figure 20illustrates a stronger price increase in the short-term by 1.5%
for pellets and 3.0% for household electricity. As a result, energy costs for heat pumps remain
lower across all building types under the scenario with moderate price increases in France and
Sweden. However, in the high-price increase scenario, energy costs in old buildings become
lower by 2035. The situation differs in Austria and Germany. In Austria, energy costs are already
lower from 2023 in retrofitted and old buildings. In Germany, energy costs are lower across all
three building types starting in 2023.
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Figure 20: Modelled change in energy costs comparing the three different housing types equipped with heat
pumps and biomass boilers in the high-price increase scenario in France and Sweden.

Comparison of carbon dioxide emissions

CO:2 emissions of energy carriers depend on the individual upstream chain, utilization as well as
resulting direct emissions. While material-based energy carriers have rather constant emission
factors, emissions related to electricity highly depend on generation sources and market
mechanisms such as import/export, which leads to high fluctuations of the resulting emission
factors. In addition, emission factors of energy carries are highly country-dependent and values
between EU countries show high differences. Figure 21 shows related emission factors for wood
pellets [86] and electricity [87], as well as heating degree days [48] for relation to the monthly
space heating demand distribution, in Austria.
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Figure 21: Emission factors for wood pellets and electricity, as well as heating degree days in 2024 in Austria

In the graph, a high difference between the CO2 emissions of wood pellets and electricity mix can
be seen. Although, the energy demands for heating are dependent on monthly fluctuating demand
patterns and technological efficiencies. In the case of the three building types, exemplary results
are shown in Figure 22.
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It is shown that especially in old and retrofit buildings, high differences between the two
technologies are evident. In terms of emissions, pellet boilers perform slightly better than air
source heat pumps in new buildings, moderately better in retrofit buildings, and most beneficial in
old buildings.

Calculations in the four investigated countries related to CO2 emissions

The CO:2 emissions were evaluated on a monthly basis to show the stable emission factor in
comparison to changing emission factors for electricity among the four countries. In the analysis,
the generation capacities for 2024 were used and imports and exports also accounted for. The
emissions were calculated by multiplying the final energy demand with corresponding emission
factors.

Emco2 = FE * fCO2 [kWh]
fcoz = CO2 emission factor [kgCO2/kWh]

While France and Sweden already have a low carbon electricity mix, emission steadily decreased
in recent years in Austria. Renewable capacities, especially wind and solar, were installed and
Austria became a net exporting country in 2024 for the first time since 2009 [88]. Germany has
the highest emissions among the four countries. Therefore, biomass leads to lower emissions for
heating as there is currently a relatively large share of coal in the German electricity mix. The
results show that the indirect emissions by utilizing heat pumps are significantly fluctuating
between different months of the year. Due to the variable behaviour of renewable energy, the
increasing electricity demand due to electrification as well as natural gas to cover peak demands,
biomass will remain an important energy source for heating in countries such as Austria and
Germany by 2040 and beyond. The electricity generation relies on 30% nuclear power in Sweden

and approximately 65% in France. Countries, which do not rely on nuclear power and have
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abundant biomass resources can easily utilize biomass for heating purposes to reduce fossil fuel-
based emissions and to decrease the dependency on electric imports. The results of this
calculation are shown in Figure 23.

This shows that electricity related emissions vary strongly between the countries. It is expected
that the emission factors for electricity will decrease with the ongoing installation of more
renewable energy sources over the next decades. While this is easier in summer months, peak
load generation units that are mainly based on fossil fuels need to be substituted and fossil energy
imports need to be mitigated therefore as well. Biomass presents a relatively low-carbon
alternative that does not depend on monthly fluctuations.

Conclusions

Future scenarios of heating systems in single and double family houses were analyzed in the
countries of Austria, Germany, France and Sweden. This has been done on the basis of thermal
energy demands of three different building types (old, retrofit, new). The main focus of the
investigation was on the replacement of fossil fuel boilers with biomass boilers and heat pumps
until 2040. This has been done in a high and a low market penetration scenario of each technology
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and resulting energy demands. As a result, related impcats on resulting electrical peak demands,
energy costs and CO2 emissions were derived and interpreted.

The major impacts on the results are: (i) The price of electricity for heat pumps which is expected
to increase at least continuously: (i) The prices of biomass — pellets or firewood — have been
quite stable over the last decades (except some price spikes in 2022/2023). Yet, for the future,
no remarkable increases are to be expected for both pellets and firewood.

Regarding the maturity and operational performance of heat pumps vs biomass heating systems,
biomass systems are mature with operation life times of at least 25 years. They are stable in
operation with best performance in full load operation. In contrast, heat pumps consist of a higher
number of technical components with moving parts (compressors) that have limited life-times
(about 12 years) while their best performance is at partial load operation and the performance at
full load is more intensive in terms of energy costs.

In future, it can be expected that new emerging and more flexible electricity tariffs will lead to
higher costs at peak load times in in the electric grid, that also directly applies for heat pumps.
More and more air source heat pumps are equipped with a direct electric back-up heating device,
leading to increased power consumption in extremely cold environments (typically below -6°C).In
contrast to that, biomass boilers operate independently from ambient conditions.

Furthermore, recent renovation rates (0.9-1.8% per year) in the investigated countries were
significantly below the EUs target of 3% in net zero ambitions, meaning that more old buildings
than anticipated will remain in the building stock. Biomass boilers are more favorable for old
buildings compared to heat pumps, especially in Germany and Austria when considering the
energy costs. The results show that biomass heating systems can contribute to lower energy
costs of single and double family dwellings with a moderate to low thermal efficiency in
combination with high electricity prices.

Besides domestic hot water heating, heat pumps are mainly used for space heating in colder
months, when also the contribution of renewables to electricity generation is lowest. Hence, a
significant share of electricity for heat pumps comes from fossil fuels or nuclear power plants.
Greenhouse gas emissions can be effectively reduced in countries that heavily rely on fossil
power plants or imports for peak load hours during the heating season. The scenarios with an
strongly increasing number of biomass boilers, as well as the extreme electrification both illustrate
that utilizing biomass for heating has the potential to reduce the pressure on the electricity grid
and thus the need for additional peak capacities.

Qualitative findings

For a deeper understanding of the electrification of the energy system, as well as the integration
of biomass and the interpretation of the quantitative results, additional information is provided. in
the following sub-chapters.
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Electrification of the energy systems

The European Union’s ambition is to become more green, competitive and resilient in the energy
sector. Besides energy efficiency measures, renewable energy generation and storage are the
key drivers with the share of renewables in electricity generation almost reaching 40%, as it has
more than doubled since 2004. To continue the path of the energy transformation in the electricity
sector, the European Commission aims to roll out an “EU Supergrid” to incorporate more
renewables, support electrification, stabilize prices and increase energy security [97].

Electricity consumption in the EU is expected to increase by about 60% by 2030. Electricity grids
will have to accommodate a more digitalised, decentralised and flexible system under various
requirements from different stakeholders and coupled sectors such as electricity generation
technologies, energy conversion with hydrogen, electric vehicle charging and heat pumps. 40%
of our distribution grids are more than 40 years old and cross-border transmission capacity needs
to double by 2030 [98]. The electricity system is now in an exceptional period of growth with a
front-loaded investment profile [99]. The replacement and extension of the grid infrastructure
requires € 584 billion in investments [98], of whereas about € 400 billion investments are needed
for distribution grids by 2030 [100]. At present, the annual spendings on Europe’s grid is estimated
at €60 billion in 2025 [101]. The speed of getting the grids ready for the energy transition is critical
to enable decarbonization and ensure energy security. Furthermore, innovations in distribution
grids enable new emerging grid strategies such as grid-friendly flexibility that could reduce the
investment required by around 18% when supported by right regulatory environment [99].
Furthermore, appropriate measures, such as the pairing with smart policies, have to be set to
make the increasing grid costs manageable in order to avoid high costs for e.g. vulnerable
households [102].

In terms of societal benefits, the electrification could lead to efficiency gains that almost halve
energy bills by 2050 under a constant tax scheme in a net-zero scenario. However, this must be
critically reviewed, as spendings on improving the electricity grid remains contradictory.
Furthermore, reliable and resilient electricity supply has a massive societal value that far exceeds
the cost of implementation. Additionally, approximately more than two million jobs could be
created as the distribution grid sector represent around 0.4% of the EU workforce (835,000 jobs)
today [99].

Generation capacities, the role of storage systems and biomass utilization

Since 1990, the maximum electric generation capacity increased from 462 GW to 955 GW in the
EU [103], with renewable generation technologies significantly contributing towards the increase.
To put this into perspective with regards to electric storage as battery storage and hydro water
reservoirs, the aggregated capacity is 74 GW at present in 2025, with hydro water reservoirs
accounting for 62 GW and 12 GW of battery storage installed. In contrast, the power generation
from biomass is rated at 21 GW [104].
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Energy storage is a crucial technology to provide the necessary flexibility, stability, and reliability
for the energy system of the future. System flexibility is particularly needed in the EU’s electricity
system, where the share of renewable energy is estimated to reach around 69% by 2030 and
80% by 2050 (from 37% in 2021). On a global scale, expected installed storage capacities are
expected to expand by 56%, while about 200 GW of energy storage capacity in 2030 are required
to provide the needed flexibility, tripling to 600 GW in 2050 [105]. The use of battery systems is
seen as a critical element for this transition towards higher flexibility in the system, as prices have
been significantly dropped in the past years [106]. Although a high dependence on countries, i.e.
China, exists regarding the global battery supply chain [107], as for some other renewable
technologies.

In terms of heating systems that have an effect on the electric demand, heat pumps of about 28
GW thermal capacity were installed in 2022 [108], resulting in an estimated electric capacity of 7-
9 GW. While a strong increase of generated renewable energy is expected from heat pumps until
2030 on the one hand, a significant decline is projected for the electricity production from solid
biofuels on the other hand. In contrast, the heat consumption from solid biomass is expected to
be rather constant or increasing slightly [109]. Besides that, biomass-based power plants are
utilized to balance the electricity grid, with a high potential in growth when more and more fossil
fuel plants are replaced, especially when peak load type power plants utilize bioenergy [110]. It
should be noted that the integration of biomass to reduce the pressure on the grid highly depends
on the use case and the location, as well as other framework conditions such as economic
viability.

Besides that, the use of biomass reduces dependency on imported fossil fuels and shields
consumers from volatile global energy markets [111]. To reduce electric demand in terms of
indirect influence of the heating sector, by shifting thermal loads to decentralized biomass
systems or hybrid setups by combining biomass with other sources such as solar, the need for
electric space and water heating can be significantly lowered. This eases pressure on the
electricity grid, particularly during peak demand periods in colder seasons [112]. Moreover, when
sustainably managed, biomass offers net-zero carbon emissions, aligning with long-term climate
and energy goals. Solid biomass However, continued emphasis on technological innovation,
sustainable sourcing, and regional supply chains is essential to mitigate risks associated with
biomass availability and cost fluctuations.To summarize, the progression of the electrification
highly depends on the extension of renewable generation and storage capacities as well as
upscaling and renewal of the grid infrastructure. The use of biomass will continue to play a
significant role in the ongoing electrification, e.g. by utilizing flexible CHP plants to provide both
heat and electricity or in co-firing power generation plants.

Summary of quantitative and qualitative findings

In order to phase out fossil fuels and increase the independency that higher shares of renewable
energy enable, the use of all renewable sources for generation, storage and conversion of energy
is required. Each technology has its own advantages and disadvantages that can be evident in

— Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating
appliances
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different aspects. The quantitative study showed that residential heating with heat pumps will
definitively increase the electricity demand, while the deployment of biomass boilers could buffer
this by a certain amount. Although this highly depends on the present and future mix of installed
technologies that are also strongly linked to the developments of the building stock and its
renovation rates.

Besides the residential sector that has a relatively low impact on the total electric loads, the
potential impact of decarbonizing and electrifying the commercial sector and industrial processes
will be much more significant. The electrification significantly challenges the electricity grid, which
needs to be quickly reinforced and expended, while more storage units need to be integrated to
provide flexibility and ensure a steady integration of more renewable generation. The role of
biomass is central in the energy transition to provide an easily and low-cost storable, flexible and
low-carbon renewable heat and/or electricity, as biogenic resources are widely available in the
EU, which are most efficiently used following a sustainable practice and regional utilization.
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3 Executive Summary

The transition to 100% renewable energy requires the design and deployment of holistic, sectoral
coupled energy systems that integrate the generation and storage of renewable energy in order
to overcome present challenges. It is widely recognized that electrification will play a key role in
the energy transition, thus affecting multiple sectors. Such a paradigm shift raises questions about
the ability of the electricity grid to support increasing demand and fluctuating generation capacity.
In the heating sector, the phase-out of fossil enables the extended installation of renewable
energy-based technologies and efficiency measures (e.g. heating system modernization and
building retrofits), indirectly affecting the electricity sector.

The project The role of biomass for heating in widely electrified energy systems analyzed
qualitative and quantitative aspects of the biomass utilization in progressively electrified energy
systems. With a focus on residential heating sector in single and double family dwellings and
technologies such as solid biomass boilers and heat pumps, the research particularly addresses
technological fields of application and their synergetic benefits. The literature review covered
these aspects in the heating sectors of space heating, district heating and cogeneration, as well
as industrial heat, and identified well-known and suitable new fields of application (especially the
latter in industrial heat. Furthermore, challenges for biomass and electric heating systems were
investigated, as both systems have their own individual characteristics.

To provide additional context on the electrification, qualitative facts were researched to assess
the current and future situation of the EU electricity system (e.g. energy demand and generation
trends, grid expansion issues, and the need for storage systems), the operational behavior of
heat pumps and biomass boilers), and on the supporting role that biomass could play in the
electrification.

These qualitative findings are supported by a quantitative study on residential heating in single
and double family dwellings, focusing on the four selected European countries of Austria,
Germany, France and Sweden, which analyzed the energetic, economic and environmental
aspects of projected scenarios for the period 2025-2040 under different framework conditions
(e.g. renovation rates, existing stock and expected changes in heating systems).

The quantitative study showed that depending on the scenario considered (high/low shares of
either biomass or heat pumps), the electric capacity could increase through the electrification of
in single and double family dwellings until 2040 as shown in the graph below:

Executive Summary
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Figure 24: Total electric capacities of installed heating devices in the four investigated countries.

This demonstrates the potential effect that the electrification of the heating sector and estimates
the installed capacity ranges. To compare this, typical gas turbines in power plants have a rated
electric output of 100-400 Megawatts. In the quantitative analysis, an extensive electrification
scenario showed absolute and peak capacities and thus electricity demands could be even
higher. Depending on the future share of installed biomass boilers, this additional demand could
be mitigated by a certain amount. The latter was further investigated by doubling the installed
numbers of biomass boilers in Germany, which could lead to a reduction of 1.25 GW in the
electricity demand.

While these aspects only apply to the residential heating sector with a rather solid database, there
is much more potential in the commercial heating, district heating & CHP, and in the industrial
sector. Electrification will also continue in these sectors, but this will lead to higher loads, which
will increase the need for electricity storage and the intelligent (and flexible) use of biomass.

Summary

In a progressively electrified energy system, the use of biomass as a low-carbon energy carrier
plays an important role. The quantitative study in four European countries showed that biomass
has a good potential to accompany electrification by replacing fossil fuels in the residential heating
sector. The key to this is the optimal technological and operational use of biomass boilers and
heat pumps, as both heating appliances have several individual characteristics and can be
optimally used for mostly different applications (e.g. heat pumps in low-energy buildings, biomass
boilers in cold climates), depending on different framework conditions and preferences. Examples
for the use of biomass boilers are the use of regional resources, the storability of the fuel and
relatively stable energy prices. Although biomass boilers use electrical auxiliary power, the
amounts required are negligible compared to the total heat produced. While heat pumps and
other electric heating appliances require more electricity, dynamic electricity tariffs can help to
produce low-cost heat at times when electricity prices are low.
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Outlook

Phasing out fossil fuels in the heating sector is only possible with a range of different renewable
energy technologies (e.g. biomass boilers, heat pumps, solar thermal) that offer different techno-
economic and environmental solutions for different use cases (e.g. building and demand types).

Depending on the future framework conditions for heating appliances (e.g. regulations, incentives,
customer decisions, new emerging technologies), the heating sector will consist of a diverse
technological stock, in which biomass will continue to play an important role. In an increasingly
electrified energy system, the use of biomass boilers in heating systems offers the opportunity to
indirectly and positively influence the electrical energy system, thus reducing the need for grid
extensions, storage systems or balancing energy on the demand side. As biomass boilers have
a relatively low operational electricity demand, they provide viable energy solutions where
electricity grids are already reaching their limits.

Increasing the share of renewable energy in heating systems for buildings, district heating
networks and industrial processes requires the integration of several energy systems, e.g. heat
pumps, biomass boilers/CHP and solar thermal, as well as (seasonal) storage systems, where
the combinations offer feasible solutions. However, this may initially be challenging from an
economic perspective and requires a more holistic view (e.g. taking into account the storability of
biomass, flexible use at times of high electricity tariffs). In addition, the modernization of heating
systems leads to higher operational efficiency in the long run, thus reducing the required energy
supply (e.g. biomass, electricity); however, it's expected that this is best done in combination with
other efficiency measures (e.g. building retrofit).

Executive Summary

Document confidentiality: Internal — no publication without permission from BEST



4 Lists and References

4.1 List of Figures

Figure 1: Primary energy production by fuel in the EU-27 from 1990 to 2022 in Tetajoule (TJ) [6]

Figure 2: Renewable gross final energy consumption in the EU-27 by technology [8] ................ 5
Figure 3: Exemplary industrial processes and temperature levels. [30] after Lenz et al. 2020. ... 9

Figure 4: Development of the stock of single-family houses in Austria, France, Germany and
Sweden, from 2000 to 2024, measured in thousands of dwellings. Sources: [54] [55]
1511 514 PR PP PSP PPT PRSPPI 17

Figure 5: Shares of single- and double-family dwellings (SDFD) in the overall housing stock
(2024) in four European countries. France consistently had the highest proportion, while
Germany had the TOWEST. .......coiiii e 18

Figure 6: Modelled total development of alternative heating systems. Germany and France have
a higher population and therefore need more replacing. Sources: [60] [61] [62] [63] [64]
[ ES] I L1 1 L4 S PEPRR 20

Figure 7: Modelled total development of alternative heating systems in direct comparison of
scenario A and SCENArio B iN AUSTIIAL ....cooiiiiiiiiiieie it 22

Figure 8: Modelled total development of alternative heating systems in direct comparison of
scenario A and scenario B in GErmMany. ..o 22

Figure 9: Modelled total development of alternative heating systems in direct comparison of
scenario A and SCENArio B iN FIraNCE. ......covvuiiiiiei et e e e e 23

Figure 10: Modelled total development of alternative heating systems in direct comparison of
scenario A and scenario B iN SWEAEN. .......c..uuiiiiiiiiiiieet e 23

Figure 11: Modelled relative change in the heat pump stock in direct comparison of scenario A
(high) and SCen@rio B (JOW). .......ueiiiiiiiiieiieie et 24

Figure 12: Thermal/ electric power capacity of biomass heating systems/ heat pumps in three
different building types for the case of Austria. ........ccccccevvvviiiiii 25

Figure 13: Modelled final energy demand for scenario A (high) and scenario B (low) in TWh.
Austria has a high amount of biomass heating systems, while the other countries
strongly increase the amount of heat pumps [73].....ccoovvviiiiiiiiieeeee, 26

Figure 14: Share of yearly electricity consumption by heat pumps in the investigated countries in

the two scenarios A high/ B low. Sources: [74] [75] [76] [77] . ceeioveeeiiiiieeiiiieeeiiieeeene 27
Figure 15. Scenario dependent electricity demand in Germany (A: high, B: low), related to the

installed amount of heat pumps and biomass boilers. .........cccoocovciiiiiiii 30
Figure 16: Modelled electricity demand in MW per 1000 households. .........cccccciiiiiiiiieiiannnnn. 31

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



Figure 17: Modelled change in electricity demand and change of stock per 1000 dwellings in the
case of a reduction of biomass boilers to 20% in 2040........cccoocceieiiiiieeesiee e 32

Figure 18: Heating energy costs in [€/year] for SFDF. Different housing types (new, retrofitted
and old) and heat pumps and biomass boilers are compared, with space heating and
domestic hot water considered. Sources: [80] [82] [83] [84] [85]. -+vvveereeererrvrrrrrereeeiainns 33

Figure 19: Modelled change in annual energy costs [EUR/Year] comparing the three different
housing types equipped with heat pumps and biomass boilers in the low-price increase
CS 1<) - 1o JA PSPPSR 34

Figure 20: Modelled change in energy costs comparing the three different housing types
equipped with heat pumps and biomass boilers in the high-price increase scenario in
France and SWEAEBN. .......ooouuiiiiiie ettt e e e e s s s e e e e e e s e snnbaeeeeeee s 35

Figure 21: Emission factors for wood pellets and electricity, as well as heating degree days in
2024 IN AUSTIIB. .. ettt e e et e e e e e e s s e bbb et e e e e e e e bn e e e e e e e e e e annree s 35

Figure 22: Monthly CO2 emission in Austria originating from the use of heat pumps and pellet
boilers in three building types in the use case of Austria ..........cccccveeviiiiiiiiiiee e 36

Figure 23: Monthly CO2 Emissions per kWh of energy. Biomass has a constant emission while
heat pumps emissions vary depending on the current electricity mix. Sources: [89] [90,

91, 92, 93, 87, 94, 95, 96]. ..eeeeiiiiiiieiiiiie e 37
Figure 24: Total electric capacities of installed heating devices in the four investigated countries.
........................................................................................................................................ 43
List of Tables
Table 1: Typical roles of biomass-based technologies and heat pumps in district heating
NMEIWOIKS [23]. ittt ettt ettt et e e e et e et e e e e e e e s bbb e e e e e e e e e annbaneeeaaeas 8
Table 2: Identified characteristic for selected countries and the EU27-average (Data source:
LU @ 1 12N 1 SRR 15

Table 3: Deployment rates per year for heat pumps and biomass boilers in ScenariosA and B 19
Table 4. Share of household electricity consumption from heat pumps. Data source: [78]. ....... 28

Table 5. Scenario dependent increase in installed electricity peak demand due to the
deployment of heat pumps in comparison to the reference year 2023. ..........cccccceee. 29

Table 6: Scenario dependent factors for pellets and household electricity price developments. 33

Lists and References

Document confidentiality: Internal — no publication without permission from BEST



References

[1] European Commission - Directorate-General for Climate Action, "2050 long-term
strategy,” [Online]. Available: https://climate.ec.europa.eu/eu-action/climate-
strategies-targets/2050-long-term-strategy _en. [Accessed 20 09 2024].

[2] European Commission - Directorate-General for Communication, "Energy and the
Green Deal," [Online]. Available: https://commission.europa.eu/strategy-and-
policy/priorities-2019-2024/european-green-deal/energy-and-green-deal_en.
[Accessed 20 09 2024].

[3] European Environment Agency, "Renewable energy,” 15 11 2024. [Online]. Available:
https://www.eea.europa.eu/en/topics/in-depth/renewable-
energy?activeTab=07e50b68-8bf2-4641-ba6b-edalafd544be. [Accessed 05
12 2024].

[4] European Environment Agency (EEA), "Share of energy consumption from renewable
sources in Europe,” 31 10 2024. [Online]. Available:
https://www.eea.europa.eu/en/analysis/indicators/share-of-energy-
consumption-from. [Accessed 05 12 2024].

[5] Eurostat, "Shedding light on energy in the EU — 2023 edition," 2023. [Online].
Available: https://ec.europa.eu/eurostat/web/interactive-publications/energy-
2023. [Accessed 15 11 2024].

[6] Eurostat, "Simplified energy balances - Primary energy production by fuel in the EU
27," 25 05 2024. [Online]. Available: https://doi.org/10.2908/NRG_BAL_S.
[Accessed 05 12 2024].

[71 European Commission, Directorate-General for Energy, "Bioenergy report outlines
progress being made across the EU," 27 10 2023. [Online]. Available:
https://energy.ec.europa.eu/news/bioenergy-report-outlines-progress-being-
made-across-eu-2023-10-27_en. [Accessed 15 11 2024].

[8] European Environment Agency, "Trends and projections in Europe 2024," 31 10 2024.
[Online]. Available: https://www.eea.europa.eu/en/analysis/publications/trends-
and-projections-in-europe-2024/trends-and-projections-in-europe-

2024/@ @download/file. [Accessed 05 12 2024].

[91 European Commission - Directorate-General for Energy, "EU strategy on energy
system integration," 2024. [Online]. Available:
https://energy.ec.europa.eu/topics/energy-systems-integration/eu-strategy-
energy-system-integration_en. [Accessed 05 12 2024].

[10] European Commission - Directorate-General for Energy, "Heating and cooling,"
[Online]. Available: https://energy.ec.europa.eu/topics/energy-
efficiency/heating-and-cooling_en. [Accessed 20 10 2024].

[11] International Energy Agency, "Heat - Renewables 2023," 2023. [Online]. Available:
https://lwww.iea.org/reports/renewables-2023/heat. [Accessed 15 11 2024].

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

European Environment Agency, "Decarbonising heating and cooling — a climate
imperative," 28 04 2023. [Online]. Available:
https://lwww.eea.europa.eu/publications/decarbonisation-heating-and-cooling.
[Accessed 12 06 2024].

European Commission - JRC Publications Repository, "The Heat Pump Wave:
Opportunities and Challenges," 21 06 2023. [Online]. Available:
https://publications.jrc.ec.europa.eu/repository/handle/JRC134045. [Accessed
16 10 2024].

European Commission - Directorate-General for Energy, "Mapping and analyses of the
current and future (2020 - 2030) heating/cooling fuel deployment
(fossil/renewables),” 02 2017. [Online]. Available:
https://energy.ec.europa.eu/system/files/2017-03/mapping-hc-final_report-wp3-
wp4_0.pdf. [Accessed 16 10 2024].

European Commission, "Potentials and levels for the electrification of space heating in
buildings - Final Report,” 10 2023. [Online]. Available:
https://op.europa.eu/en/publication-detail/-/publication/2ae4481d-8f3b-11ee-
8aa6-0laa75ed7lal/language-en. [Accessed 06 12 2024].

Buildings Performance Institue Europe (BPIE), ,Report on the evolution of the
European regulatorey framework for buildings efficiency,” 2022. [Online].
Avalilable: https://www.bpie.eu/wp-
content/uploads/2022/02/rev6_SPIPA_EU.pdf. [Zugriff am 14 04 2025].

JASPERS, "JASPERS guide to decarbonisation of district heating systems,"” 30 09
2024. [Online]. Available:
https://jaspers.eib.org/LibraryNP/JASPERS%20Working%20Papers/2024/JAS
PERS%20Guide%20t0%20Decarbonisation%200f%20District%20Heating%20
Systems.pdf. [Accessed 17 12 2024].

Euroheat & Power, "The Heating & Cooling Network," 2024. [Online]. Available:
https://www.euroheat.org/. [Accessed 26 10 2024].

European Commission - Directorate-General for Energy, Fraunhofer ISI , Institute for
Resource Efficiency and Energy Strategies GmbH , Tilia GmbH , TU Wien ,
Oko-Institut, "District heating and cooling in the European Union," 2022.
[Online]. Available: https://op.europa.eu/en/publication-detail/-
/publication/4e28b0c8-eacl-11ec-a534-0laa75ed71lal/language-en.
[Accessed 15 10 2024].

Euroheat & Power, "DHC Market Outlook 2024 - Executive Summary," 04 06 2024.
[Online]. Available:
https://api.euroheat.org/uploads/Final_Market_Outlook_2024_Oefcdb4b7e.pdf.
[Accessed 26 10 2024].

Joint Research Centre (JRC) of the European Commission, "EU Challenges of
reducing fossil fuel use in buildings," 2021. [Online]. Available:
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC127122/JRC1271
22_01.pdf. [Accessed 30 09 2024].

Lists and References

Document confidentiality: Internal — no publication without permission from BEST



[22] Fallahnejad M. et al., "District heating potential in the EU-27: Evaluating the impacts of
heat demand reduction and market share growth," Applied Energy. Volume
353, Part B, 01 01 2024.

[23] Directorate-General for Energy (European Commission), "District heating toolkit - A
technology overview and pathways towards decarbonisation," 20 09 2024.
[Online]. Available: https://op.europa.eu/en/publication-detail/-
/publication/dd944f72-7955-11ef-bbbe-01aa75ed71al/language-en. [Accessed
04 12 2024].

[24] Euroheat & Power, "District heating in Bornholm and Bornholms Forsyning," 20 05
2021. [Online]. Available: https://www.euroheat.org/dhc/knowledge-hub/district-
heating-in-bornholm-and-bornholms-forsyning. [Accessed 26 11 2024].

[25] Muncan V. et al., "The state of district heating and cooling in Europe - A literature-
based assessment,” Energy. Volume 304, 30 09 2024.

[26] Millinger M. et al., "Are biofuel mandates cost-effective? - An analysis of transport fuels
and biomass usage to achieve emissions targets in the European energy
system,” Applied Energy, vol. Volume 326, 15 11 2022.

[27] Pantaleo A. M. et al., "Small scale biomass CHP: Techno-economic performance of
steam vs gas turbines with bottoming ORC," Energy Procedia, vol. Volume 82,
pp. 825-832, 2015.

[28] European Environment Agency, "The European biomass puzzle,” 2023. [Online].
Available: https://www.eea.europa.eu/publications/the-european-biomass-
puzzle/at_download/file. [Accessed 10 10 2024].

[29] Shabaz M. et al., "A comprehensive review of biomass based thermochemical
conversion technologies integrated with CO2 capture and utilisation within
BECCS networks," Resources, Conservation and Recycling, vol. Volume 173,
2021.

[30] Directorate-General for Energy - European Commission, "Cogeneration of heat and
power," 2024. [Online]. Available: https://energy.ec.europa.eu/topics/energy-
efficiency/cogeneration-heat-and-power_en. [Accessed 26 11 2024].

[31] IEA Bioenergy, "Decarbonizing industrial process heat: the role of biomass," 2021.
[Online]. Available: https://www.ieabioenergy.com/wp-
content/uploads/2022/02/Role-of-biomass-in-industrial-heat.pdf. [Accessed 18
10 2024].

[32] Iberdrola, "Industrial decarbonization,” 2024. [Online]. Available:
https://www.iberdrola.com/sustainability/energy-transition/industrial-
decarbonisation. [Accessed 18 10 2024].

[33] Better Buildings Solution Center, "Heating Up: Options for Decarbonizing Industrial
Process Heat," 2024. [Online]. Available:
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/2024-
04/2024Summit-Industrial_Process_Heat Decarbonization-Slides.pdf.
[Accessed 28 10 2024].

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Leicher J. et al., "Electrification or Hydrogen? The Challenge of Decarbonizing
Industrial (High-Temperature) Process Heat," Multidisciplinary Scientific
Journal, vol. 7(4), 23 10 2024.

Malico I. et al., "Current status and future perspectives for energy production from solid
biomass in the European industry," Renewable and Sustainable Energy
Reviews, vol. Volume 112, pp. 960-977, 09 2019.

Directorate-General for Communication - European Commission, "Commission sets
out actions to accelerate the roll-out of electricity grids," 28 09 2023. [Online].
Available: https://ec.europa.eu/commission/presscorner/detail/en/ip_23 6044.
[Accessed 10 06 2024].

IRENA, IEA, REN21, "Renewable Energy Policies in a Time of Transition: Heating and
Cooling," 2020. [Online]. Available:
https://iea.blob.core.windows.net/assets/66a547ea-09bf-48fb-b7bb-
6b94ef80b083/Renewable_Energy Policies_in_a_ Time_of Transition_-
_Heating_and_Cooling.pdf. [Accessed 23 10 2024].

Joint Research Centre (JRC) of the European Commission, "Decarbonising the EU
heating sector,” 2019. [Online]. Available:
https://setis.ec.europa.eu/document/download/35ch4a43-980b-4037-8¢c60-
40486c¢c46ede0_en. [Accessed 10 06 2024].

European Commission, "State of the Energy Union Report 2023," 24 10 2023. [Online].
Avalilable: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52023DC0650. [Accessed 10 06 2024].

Nabuurs G.J. et al., "Understanding the implications of the EU-LULUCF regulation for
the wood supply from EU forests to the EU," Carbon Balance and
Management, Vols. Volume 13, Article No. 18, 2018.

International Energy Agency, "IEA SHC Task 54: End-Users Decision Making Factors
for H&C Systems," 2018. [Online]. Available: https://www.iea-
shc.org/Data/Sites/1/publications/D04-Info-Sheet--End-Users-Decision-
Making-Factors-for-H-and-C-Systems.pdf. [Accessed 15 06 2024].

Pezzutto S. et al., "Drivers and Barriers in the Adoption of Green Heating and Cooling
Technologies: Policy and Market Implications for Europe," sustainability, vol.
16(16), 12 08 2024.

European Parliament, "Biomass for electricity and heating: Opportunities and
challenges,” 09 2015. [Online]. Available:
https://www.europarl.europa.eu/RegData/etudes/BRIE/2015/568329/EPRS_B
RI1(2015)568329 EN.pdf. [Accessed 10 06 2024].

Energy Technologies Institute, "Smart Systems and Heat: Consumer challenges for
low carbon heat," 2015. [Online]. Available: https://s3-eu-west-
1l.amazonaws.com/assets.eti.co.uk/legacyUploads/2015/11/3501-Consumer-
Insights.pdf. [Accessed 24 10 2024].

Uche J. et al., ,Configurational Design of a Hybrid System Based on an Air—Water Heat
Pump and Biomass Boiler for a Rural Dwelling,“ 2024. [Online]. Available:
https://lwww.mdpi.com/2076-3417/14/21/9840. [Zugriff am 14 04 2025].

Lists and References

Document confidentiality: Internal — no publication without permission from BEST



[46] ITG Dresden, ,Hybrid heating systems consisting of heat pump and wood-burning
stove,“ 2024. [Online]. [Zugriff am 14 04 2025].

[47] Soleimani A. et al., ,Modeling hybrid energy systems integrating heat pumps and
district heating: A systematic review,”“ 2025. [Online]. Available:
https://lwww.sciencedirect.com/science/article/pii/S0378778824013690. [Zugriff
am 15 05 2025].

[48] EUROSTAT, "Cooling and heating degree days by country - annual data," 2024.
[Online]. Available:
https://ec.europa.eu/eurostat/databrowser/view/nrg_chdd_a/default/table?.
[Accessed 05 06 2024].

[49] EUROSTAT, "Disaggregated final energy consumption in households - quantities
(space heating),” 2024. [Online]. Available:
https://ec.europa.eu/eurostat/databrowser/view/nrg_d_hhg___custom_1241240
4/default/table?. [Accessed 05 06 2024].

[50] EUROSTAT, "Number of households by migration status, working status and
household composition,” 2024. [Online]. Available:
https://ec.europa.eu/eurostat/databrowser/view/lfst_hhmgscomp___custom_124
12052/. [Accessed 05 06 2024].

[51] BPD Europe BV Research, ,Housing markets in comparison 2016,“ 2016. [Online].
Available: https://www.bpd-
immobilienentwicklung.de/media/ebljomlw/bpd_wohnungsmaerkte_ vergleich
_2016.pdf. [Zugriff am 14 04 2025].

[52] Toleike A. et al., ,Strategies for a nearly Zero-Energy Building market transition in the
European Union,“ 2016. [Online]. Available: https://sintef.brage.unit.no/sintef-
xmlui/bitstream/handle/11250/2427773/ZEBRA2020_Strategies-for-
nZEB_07_LQ_single-pages-1.pdf. [Zugriff am 14 04 2025].

[53] Environmental Agency Austria, Institute for Real Estate, Construction and Housding
Ltd., ,Monitoring system for renovation measures in Austria 2023,“ 12 2023.
[Online]. Available: http://gdi2050.at/wp-content/uploads/2023-
IIBW_Umweltbundesamt-Sanierungsrate.pdf. [Zugriff am 14 04 2025].

[54] Institute for Living and Environment (IWU), Bremen Energy Institute (BEI), ,Building
stock database - Data collection on energy quality and modernization trends in
the German residential building stock,“ 12 2010. [Online]. Available:
https://datenbasis.iwu.de/dl/Endbericht_Datenbasis.pdf. [Zugriff am 14 04
2025].

[55] Giraudet L.-G. et al., ,Policies for low-carbon and affordable home heating: A French
outlook,” 2021. [Online]. Available:
https://doi.org/10.1016/j.enpol.2021.112140. [Zugriff am 14 04 2025].

[56] Austrian Conference on Spatial Planning (OROK), ,Household forecast 2022-2051 -
overview of results,“ 2024. [Online]. Available:
https://lwww.oerok.gv.at/ergebnisse-oerok-haushaltsprognose-2022-2051.
[Zugriff am 20 07 2025].

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Statistics Sweden, ,Number of dwellings by region, type of building, type of ownership
and year,” 2025. [Online]. Available:
https://www.statistikdatabasen.scb.se:443/pxweb/en/ssd/START__BO___BOO01
04/BO0104T03/. [Zugriff am 20 07 2025].

Gruebler A. et al., ,Dynamics of energy technologies and global change,” 1999.
[Online]. Available: https://doi.org/10.1016/S0301-4215(98)00067-6. [Zugriff
am 14 04 2025].

European Heat Pump Association (EHPA), ,Heat pump sales drop 21% in 2024,
leading to thousands of European job losses,” 19 02 2025. [Online]. Available:
https://lwww.ehpa.org/news-and-resources/news/heat-pump-sales-drop-21-in-
2024-leading-to-thousands-of-european-job-losses/. [Zugriff am 21 07 2025].

German Association of Energy and Water Industries e.V. (BDEW), ,How does
Germany heat in 20237,“ 12 2023. [Online]. Available:
https://www.bdew.de/media/documents/231221-BDEW-WHD2023.pdf. [Zugriff
am 14 04 2025].

Biermayr et al., ,Heat Pumps Market Development 2022,“ 2023. [Online]. Available:
https://nachhaltigwirtschaften.at/resources/iea_pdf/schriftenreihe-2023-36g-
marktstatistik-2022-waermepumpen.pdf. [Zugriff am 14 04 2025].

Boverket, ,Housing needs - regional and national by 2030,“ 2021. [Online]. Available:
ttps://www.boverket.se/sv/iom-boverket/publikationer/2021/behov-av-
bostadsbyggande--regionalt-och-nationellt-till-2030/. [Zugriff am 21 07 2025].

Joint Research Centre (JRC) of the European Commission, ,France: Status of the heat
pump market.,“ 2024. [Online]. Available:
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC137131/JRC1371
31_010.pdf. [Zugriff am 14 04 2025].

»1he Energy Transition in France: Expansion of Renewables Stalling, Good Progress
on Heat Pumps,“ 2024 German Institute for Economic Research (DIW Berlin).
[Online]. Available: https://doi.org/10.18723/diw_dwr:2024-4-1. [Zugriff am 14
04 2025].

Johannson P., ,Heat pumps in Sweden — A historical review,“ 15 08 2021. [Online].
Available: https://doi.org/10.1016/j.energy.2021.120683. [Zugriff am 14 04
2025].

German Environmental Agency (UBA), ,Questions & Answers: Further information on
wood heating systems,“ 2023. [Online]. Available:
https://www.umweltbundesamt.de/themen/luft/emissionen-von-
luftschadstoffen/quellen-der-luftschadstoffe/fragen-antworten-weiterfuehrende-
informationen-zu. [Zugriff am 20 07 2025].

Statista, ,France: number of biomass boilers installed 2024, 2025. [Online]. Available:
https://www.statista.com/statistics/767434/market-boilers-biomass-deliveries-
france/ . [Zugriff am 21 07 2025].

Lists and References

Document confidentiality: Internal — no publication without permission from BEST



[68] Euroheat & Power, ,DHC Market Outlook 2025 - Executive Summary,“ 2025. [Online].
Available:
https://api.euroheat.org/uploads/Market_Outlook 2025 f4b28fcf89.pdf. [Zugriff
am 17 12 2025].

[69] T. Krutzler, R. Wasserbaur und I. Schindler, ,ENERGIE- UND
TREIBHAUSGASSZENARIEN 2025, Umweltbundesamt GmbH, Vienna,
2025.

[70] Bayer D. R, Pruckner M., ,Data-driven heat pump retrofit analysis in residential
buildings: Carbon emission reductions and economic viability,” 01 11 2024.
[Online]. Available: https://doi.org/10.1016/j.apenergy.2024.123823. [Zugriff am
21 07 2025].

[71] Peere W., ,Simultaneity factor, GHE tool,“ 2025. [Online]. Available:
https://ghetool.eu/knowledgebase/simultaneity-factor/. [Zugriff am 22 07 2025].

[72] Mueller, F.L., Jansen, B., ,Large-scale demonstration of precise demand response
provided by residential heat pumps,” 2019. [Online]. Available:
https://doi.org/10.1016/j.apenergy.2019.01.202. [Zugriff am 21 07 2025].

[73] German Heat Pump Association (BWP), ,Climate Map,“ 2025. [Online]. Available:
https://lwww.waermepumpe.de/werkzeuge/klimakarte/. [Zugriff am 05 04 2025].

[74] Egenter, S., Wehrmann, B, ,German power sector could achieve 100% renewables by
2040 — economy minister,” 2021. [Online]. Available:
tps://www.cleanenergywire.org/news/german-power-sector-could-achieve-100-
renewables-2040-economy-minister. [Zugriff am 22 07 2025].

[75] Enerdata, ,French power distributor forecasts rising electricity consumption through
2035,“ 2024. [Online]. Available: https://www.enerdata.net/publications/daily-
energy-news/french-power-distributor-forecasts-rising-electricity-consumption-
through-2035.html . [Zugriff am 22 07 2025].

[76] International Energy Agency (IEA), ,Austria 2020 - Energy Policy Review,“ 2020.
[Online]. Available: https://iea.blob.core.windows.net/assets/ea419c67-4847-
4a22-905a-d3ef66b848ba/Austria_2020_Energy_Policy Review.pdf. [Zugriff
am 22 07 2025].

[77] Swedish Wind Energy Association, ,Roadmap 2040 - Wind power: combating climate
change and improving competitiveness,“ 2021. [Online]. Available:
https://swedishwindenergy.com/wp-content/uploads/2021/01/Roadmap-2040-
ENG-rev-2020.pdf. [Zugriff am 14 04 2025].

[78] Enerdata, F. ISI, IEECP und EnR, ,ODYSSEE_MURE," 2025. [Online]. Available:
https://www.odyssee-mure.eu/publications/efficiency-by-
sector/households/electricity-consumption-dwelling.html.

[79] C. Kost, P. Miiller, J. S. Schweiger, V. Fluri und J. Thomsen, ,Stromgestehungskosten
Erneuerbare Energien,” Fraunhofer-Institut fiir solare Energiesysteme ISE,
Freiburg, 2024.

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



[80]

(81]

[82]

[83]

(84]

[85]

[86]

[87]

[88]

[89]

[90]

Danish Energy Agency (DNS), ,Technology Data - Generation of Electricity and District
heating (No. 0014),“ 2024. [Online]. Available:
https://ens.dk/media/3270/download. [Zugriff am 14 04 2025].

IREES, Fraunhofer ISE, Oeko-Institute, ,,Action plans for a climate-neutral building
stock by 2045, 2025. [Online]. Available:
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/bbsr-
online/2024/bbsr-online-105-2024-
dl.pdf;jsessionid=97BD798B9BE3883BD6DBF81D186452A5.live11311?__ blo
b=publicationFile&v=2. [Zugriff am 14 04 2025].

Destatis, ,Prices - Data on energy prices - Long time series from January 2005 to
December 2022, 2023. [Online]. Available:
https://www.destatis.de/EN/Themes/Economy/Prices/Publications/Downloads-
Energy-Price-Trends/energy-price-trends-xIsx-
5619002.xIsx?__blob=publicationFile&v=73. [Zugriff am 14 04 2025].

AO, UNECE, , Forest products annual market review 2023-2024,“ 2024. [Online].
Available: https://unece.org/sites/default/files/2024-
11/2413966E_FPAMR24_WEB.pdf. [Zugriff am 14 04 2025].

Hawkings Wrigt Ltd., ,Global Pellet market update,” 2024. [Online]. Available:
https://fortesmedia.com/files/files/Doc_Pack/Biomass_PowerON_2024/24.10.0
9 Biomass_Power_On_Hawkins_Wright_Gilles_Gauthier_final_for_distribution
.pdf. [Zugriff am 14 04 2025].

Hansen, K., ,Decision-making based on energy costs: Comparing levelized cost of
energy and energy system costs,“ 2019. [Online]. Available:
https://doi.org/10.1016/j.esr.2019.02.003. [Zugriff am 14 04 2025].

Austrian Environmental Agency, ,Calculation of greenhouse gas (GHG) emissions from
various energy sources,“ 2024. [Online]. Available:
https://secure.umweltbundesamt.at/co2mon/co2mon.html. [Zugriff am 04 04
2025].

Electricity Maps, ,Live 24/7 CO, emissions of electricity consumption,“ 2025. [Online].
Avalilable: http://electricitymap.tmrow.co. [Zugriff am 21 07 2025].

Austrian Power Grid (APG), ,APG Electricity Balance 2024: Austria is an Export
Country again,” 2025. [Online]. Available: https://www.apg.at/en/news-
press/apg-strombilanz-2024-oesterreich-erstmals-wieder-exportland/. [Zugriff
am 22 07 2025].

Environmental Agency Austria, ,Austria’s annual air emission trends 1990-2020,“
2022. [Online]. Available: https://www.umweltbundesamt.at/en/news220308en.
[Zugriff am 14 04 2025].

DECHEMA e.V.,
Lhttps://dechema.de/dechema_media/Downloads/Positionspapiere/Studie+Am
moniak.pdf,“ 2022. [Online]. Available:
https://dechema.de/dechema_media/Downloads/Positionspapiere/Studie+Am
moniak.pdf. [Zugriff am 14 04 2025].

Lists and References

Document confidentiality: Internal — no publication without permission from BEST



[91] Barma M.C. et al., ,A review on boilers energy use, energy savings, and emissions
reductions,“ 2017. [Online]. Available:
https://doi.org/10.1016/j.rser.2017.05.187. [Zugriff am 14 04 2025].

[92] Energy and Environmental Research Associates, , Well-to-Tank Carbon Intensity of
European LNG Imports,“ 2024. [Online]. Available:
https://www.transportenvironment.org/uploads/files/WTT_CO2e_LNG_Imports
_TE.pdf. [Zugriff am 14 04 2025].

[93] European Environmental Agency (EEA), ,Greenhouse gas emission intensity of
electricity generation in Europe,” 2023. [Online]. Available:
https://lwww.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emission-
intensity-of-1. [Zugriff am 16 04 2025].

[94] ENTSO-E, ,Data View,“ 2024. [Online]. Available:
https://transparency.entsoe.eu/transmission-
domain/r2/dayAheadPrices/show?name=&defaultValue=true&viewType=GRA
PH&areaType=BZN&atch=false&dateTime.dateTime=01.10.2024+00:00|CET]|
DAY &biddingZone.values=CTY|10YAT-A. [Zugriff am 14 04 2025].

[95] Environmental Agency Germany (UBA), ,Emissionsbilanz erneuerbarer Energietrager-
Bestimmung der vermiedenen Emissionen im Jahr 2018,“ 2019. [Online].
Available:
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen
/2019-11-07_cc-37-2019_emissionsbilanz-erneuerbarer-energien_2018.pdf.
[Zugriff am 14 04 2025].

[96] Rte-France, ,Bilan électrique 2024, 2024. [Online]. Available:
https://analysesetdonnees.rte-france.com/bilan-electrique-2024/synthese.
[Zugriff am 21 07 2025].

[97] Council of the European Union, "Sustainable electricity grids: Council approves
conclusions,” 30 05 2024. [Online]. Available:
https://www.consilium.europa.eu/en/press/press-
releases/2024/05/30/sustainable-electricity-grids-council-approves-
conclusions/. [Accessed 04 02 2025].

[98] European Commission, "Commission sets out actions to accelerate the roll-out of
electricity grids," 28 11 2023. [Online]. Available:
https://ec.europa.eu/commission/presscorner/detail/en/ip_23 6044. [Accessed
04 02 2025].

[99] Eurelectric, "Grids for speed report," 2024. [Online]. Available:
https://powersummit2024.eurelectric.org/wp-content/uploads/2024/07/Grids-
for-Speed_Report_FINAL_Clean.pdf. [Accessed 06 02 2025].

[100] European Commission, "Questions and Answers on the EU Action Plan for Grids," 28
11 2023. [Online]. Available:
https://ec.europa.eu/commission/presscorner/detail/en/qanda_23_6045.
[Accessed 04 02 2024].

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

European Investment Bank (EIB), ,The missing link in Europe’s energy transition,” 23
09 2025. [Online]. Available: https://www.eib.org/en/stories/electricity-grids-
investment. [Zugriff am 07 11 2025].

CAN Europe, ,Electric dreams, fair costs: Europe’s grid overhaul must be just,“ 17 03
2025. [Online]. Available: https://caneurope.org/electric-dreams-fair-costs-
europes-grid-overhaul-must-be-just/. [Zugriff am 15 05 2025].

EUROSTAT, ,Electricity production capacities by main fuel groups and operator,*
2025. [Online]. Available:
https://ec.europa.eu/eurostat/databrowser/view/nrg_inf_epc__custom_ 176408
11/default/line?lang=en. [Zugriff am 15 05 2025].

ENTSO-E, ,Installed Capacity per Production Type,“ 2025. [Online]. Available:
https://transparency.entsoe.eu/generation/r2/installedGenerationCapacityAggr
egation/show. [Zugriff am 15 05 2025].

European Commission, ,Recommendations on energy storage,“ 2023. [Online].
Available: https://energy.ec.europa.eu/topics/research-and-technology/energy-
storage/recommendations-energy-storage_en. [Zugriff am 15 05 2025].

Strategic Energy Europe, ,RENA charts the new map of renewable prices: “They will
continue to fall, although at a more moderate pace”,“ 2025. [Online]. Available:
https://strategicenergy.eu/irena-prices/. [Zugriff am 22 06 2025].

U.S. Energy Information Administration (EIA), ,China dominates global trade of battery
minerals,“ 21 05 2025. [Online]. Available:
https://lwww.eia.gov/todayinenergy/detail.php?id=65305. [Zugriff am 22 06
2025].

EHPA, ,European Heat Pump Market and Statistics Report 2023,“ 2023. [Online].
Avalilable: https://www.ehpa.org/wp-
content/uploads/2023/06/EHPA_market_report_2023_Executive-Summary.pdf.
[Zugriff am 15 05 2025].

EurObservER, ,The states of renewable energies in Europe: 2024 Edition, 23rd
EurObserv'ER Report,“ 2024. [Online]. Available: https://www.eurobserv-
er.org/pdf/23rd-state-of-renewable-energies-in-europe/?tmstv=1740741792.
[Zugriff am 15 05 2025].

IEA Bioenergy, ,Bioenergy's role in balancing the electricity grid and providing storage
options - an EU perspective,” 2017. [Online]. Available:
https://www.ieabioenergy.com/wp-content/uploads/2017/02/IEA-Bioenergy-bio-
in-balancing-grid_master-FINAL.pdf. [Zugriff am 14 04 2025].

International Energy Agency (IEA), ,Renewables 2022 - Analysis and forecast to
2027,“ 2022. [Online]. Available:
https://iea.blob.core.windows.net/assets/ada7af90-e280-46¢c4-a577-
df2e4fb44254/Renewables2022.pdf. [Zugriff am 14 04 2025].

Scarlat N. et al., , The role of biomass and bioenergy in a future bioeconomy: Policies
and facts,” 2015. [Online]. Available:
https://lwww.sciencedirect.com/science/article/pii/S2211464515000305. [Zugriff
am 14 04 2025].

Lists and References

Document confidentiality: Internal — no publication without permission from BEST



[113] European Commission, "2030 climate targets,” 2024. [Online]. Available:
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-
targets_en. [Accessed 15 10 2024].

[114] Austrian Energy Agency, "CO2-reduction costs and potential of biomass-based heating
systems compared to fossil and other renewable solutions," 25 10 2024.
[Online]. Available: internal document.

[115] R. Gupta, A. Pena-Bello, K. N. Streicher, C. Roduner, Y. Farhat, D. Théni, M. K. Patel
und D. Parra, ,Spatial analysis of distribution grid capacity and costs to enable
massive deployment of PV, electric mobility and electric heating,“ Applied
Energy, Bd. 287, 2021.

Internal Project Report: The role of biomass for heating in widely electrified energy systems

Document confidentiality: Internal — no publication without permission from BEST



