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1 Challenges and Opportunities of Solid Biomass 

Utilization in progressively electrified energy systems 

 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]. 

 

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

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: 

■ Space heating 

■ 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 20501. 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]: 
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Table 1: Typical roles of biomass-based technologies and heat pumps in district heating networks [23]. 

Parameter Biomass Boilers/CHPs Heat Pumps 

Load type provided Base load (predominant) 

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

Base load (e.g. ground source 

heat pump) 

Peak load (most commonly) 

Sector coupling 

effects 

Heat and electricity provision via 

CHPs 

Load shifting by flexible use of 

available electricity 

Optimal flow 

temperatures 

Medium to high Low to medium 

Additional flexibility 

integration potentials 

Limited to Medium (e.g. biogenic 

waste), dependend on utilized fuel 

and technology 

High (waste heat, ambient 

heat, solar heat) 

Emissions Direct emissions – close to 

CO2- neutral over entire life circle; 

Bioenergy carbon capture (BECCS) 

technologies enable negative 

emissions 

Indirect emissions - highly 

dependent on the used 

electricity mix 

There is a trend towards lowering temperature regimes in the so called 4th 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 5th 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 CO2 emissions, biomass powered CHP plants should be coupled with 

carbon capture and storage (CCS) to reduce CO2 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.

 

Figure 3: Exemplary industrial processes and temperature levels. [30] after Lenz et al. 2020. 

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

[33] [34]: 

• 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. 

• 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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• 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].  

• 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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• 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. 

• 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]: 

• 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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• 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. 

• 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. 

• 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. 

• 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. 

• 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. 

 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]. 



Internal project report: The role of biomass for heating in widely electrified energy systems 

Quantitative and qualitative analyses on the effects of solid biomass utilization and electric heating 
appliances 
Page 14 of 57 
Document confidentiality: Internal – no publication without permission from BEST  

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: 

• 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. 

• Final energy demand for residential space heating per household– provides information 

on the energy intensity, depending on energy efficiency standards and user behaviour 

• 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: 
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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]  

Austria 3 317 12,8 

1. Biomass 
2. Natural Gas 
3. Heating Oil 

4. District Heating 

Germany 2 837 9,2 

1. Natural Gas 
2. Heating Oil 
3. Biomass 

4. District Heating 

France 2 203 10,6 

1. Natural Gas 
2. Biomass 

3. Electricity 

4. Ambient Heat (HPs) 

Sweden 5 013 9,7 

1. District Heating 

2. Electricity 

3. Biomass 
4. Heating Oil 

EU-27 Average 2 921 8,9 

1. Natural Gas 
2. Biomass 

3. Heating Oil 
4. District Heating 

5. Electricity 

6. Ambient Heat (HPs) 
7. Coal 

8.+ 9. Solar thermal/ biogas 

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: 

• Heating technologies 

o Shares 

o Efficiencies 

o Rated power output 

• Energy carriers for heating 

o Costs 

o Emissions 

• Building stock 

o Shares of single- & double family houses 

o Living space 

o Renovation rates 

o Energy demands for space heating & domestic hot water 

• Climate data 

o Heating degree days (HDD) 

o 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. 



 

Internal Project Report: The role of biomass for heating in widely electrified energy systems 
Page 17 of 57 

Document confidentiality: Internal – no publication without permission from BEST  

 

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] [56] [57]. 

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 

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.  
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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. 

Table 3: Deployment rates per year for heat pumps and biomass boilers in ScenariosA and B 

Technology Scenario A - High Scenario B - Low 

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]. 
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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. 

 

Figure 8: Modelled total development of alternative heating systems in direct comparison of scenario A 

and scenario B in Germany. 
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Figure 9: Modelled total development of alternative heating systems in direct comparison of scenario A 

and scenario B in France. 

 

 

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. 

 

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]. 
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𝑃𝑒𝑙𝑒 =
𝑄𝑡ℎ_𝐻𝑃

𝐶𝑂𝑃(𝑇𝑎𝑁)
 

Final energy 

𝐹𝐸𝑃𝑅 =
𝑈𝐸𝑃𝑅

𝜂𝑁𝐻𝑈

 

 

Seasonal performance factor 

𝑆𝑃𝐹 =  
𝑇𝐹𝑙𝑜𝑤

𝑇𝐹𝑙𝑜𝑤 − 𝑇𝐻𝑆

 

PH = Heat load of the building (kW), AB = Heated area of the building (m²), 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. 

 

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.  

𝑃𝑒𝑙𝑒_𝑡𝑜𝑡 = 𝑓𝑠𝑖𝑚 ∗ 𝑓𝑐𝑦𝑐 ∗ 𝑓𝑏𝑎𝑐𝑘𝑢𝑝  ∑ 𝑃𝑒𝑙𝑒_𝑖 ∗ 𝑍𝑆𝑇_𝐻𝑃_𝑖_𝑡

𝑛

𝑖=1

 

 

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].  

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.  

 

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] 

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 

consumption in 

per single/double 

family household 

in 2023 [kWh] 

Average 
electricity 

consumption 
by HPs in 2023 

[kWh] 

Average 
electricity 

consumption 
by HPs in 2040 

(Scenario A) 
[kWh] 

Average 
electricity 

consumption 
by HPs 

(Scenario B) 
[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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Table 5. Scenario dependent increase in installed electricity peak demand due to the deployment of heat 

pumps in comparison to the reference year 2023. 

 Scenario A Szenario B 

Country Overall demand 

[GW] 

Required increase 

[GW] 

Overall demand 

[GW] 

Required increase 

[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 2.5 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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Figure 16: Modelled electricity demand in MW per 1000 households. 

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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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. 

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 = FEPell ppell / HU_pell [€/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: 

• Moderate price increase scenario 

• 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 

per year [%/a] 

IHigh-Price Increase per 

year [%/a] 

Pellets 0.5 11.5 

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]. 
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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. 

 

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 scenario. 
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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 

CO2 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. 

 

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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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 

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 CO2 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] 

fCO2  = 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. 

 

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]. 

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: (ii) 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 
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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: 
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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). 
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