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Abstract  
Heating and cooling needed in 2015 the half of final energy 

consumption in EU and is the biggest energy sector in 
EU 28. Often, the energy supply is provided by petroleum 
products and has to be transformed into low greenhouse 

gas supply according the agreements of the Paris follow-
up-process. This article is based on the “heating oil fade-
out study” commissioned by the Luxembourg Ministry of 

Energy and estimates for Luxemburg the possibilities and 
pathways of decreasing heating oil in private heating sector 

and its impact on local environment. Main questions are: 
To what extend wood heating solutions are overtaking the 
place from heating oil solutions? What are alternative 

possibilities? And what is the environment impact 
regarding to the fine dust emission in the heating energy 
transition? A bottom-up approach using heat mapping data 

examines four sample communities in Luxembourg. The 
analysis shows that wood pellets in spite of using heat 

pumps as primary heat supply solution are needed in large 
quantities for the heat oil fade out due to the recently and 
also in future still existing energetically low building 

standards and limited prospects of further expansion of the 
natural gas network. By using fine dust filters, an increase 
of fine dust could be avoided.  
Keywords: oil heating replacement, spatial planning, fine dust impact, 
heating transition 

Introduction 

Biomass has been the main contributor of renewable 

energy (RE) worldwide, especially in the heating sector. 

With a high potential in greenhouse gas emission saving 

the biomass energy plays a substantial role in the 

mitigation of climate change (Scarlat et al. 2015, Thrän et 

al. 2020). Shifting the energy from fossil to biomass fuels 

in the private households is seen as an important pathway 

to realize the defossilization in the energy sector (Steubling 

et al. 2020). In countries such as Germany, the use of wood 

energy which accounts for more than 80 % of the RE in the 

household sector (summarized in Wern et al. 2020) has a 

long tradition and is particularly important in households. 

However, biomass is a limited resource and its usage for 

energy is associated with different sustainability impacts, 

such as its impact on biodiversity or land use change (e.g. 

Cornelissen et al. 2012, Jering et al. 2013). Furthermore, 

wood heating systems, especially the small ones are the 

major source of fine dust (Tebert et al. 2016) – a fact which 

has gained increasing attention in European countries (EC 

2018). Heating and cooling contributes the half of final 

energy consumption (in 2015) and is the biggest energy 

sector in EU28 (ISI 2017). In Luxembourg as well as in 

most other European countries the heating and cooling 

sector is characterized by a high percentage of fossil 

energy, of which more than one third (33.6 % in 

Luxembourg in 2018) is provided by oil and petroleum 

products (Eurostat 2020), and in particular by heating oil. 

Meanwhile, the residential sector in Luxembourg has high 

greenhouse gas (GHG) emissions with 1.7 tons per capita 

in 2018 (EEA 2020). In this context, in line with the 

Luxembourg climate target to reduce GHG emissions by 

55 % by 2030 compared to 2005 (MEA 2020), the 

Luxembourg government intends to have an oil heating 

replacement (fade-out) through alternative and more 

climate-friendly technologies. The study is conducted as a 

bottom-up approach, assessing these goals and their impact 

to the find dust emissions. In the one hand, it will be 

answered, which extent and which effort means the 

realization of these goals. And on the other hand the impact 

on local environment by fine dust will be measured. 

Questions to be answered are: To what extend wood 

heating solutions are overtaking the place from heating oil 

solutions? What are alternative possibilities? And what is 

the environment impact regarding to the fine dust 

emission? It focuses on the manner of a bottom-up 

approach on four sample communities in Luxembourg: 

Ettelbruck, Putscheid, Luxemburg City and Rambrouch. 

This article based on the “heating oil fade-out study” 

commissioned by My Energie G.I.E. in coordination with 

the Luxembourg Ministry of Energy 
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Figure 1.  

Methods 

Bottom-up approaches using spatial analysis based on 

GIS-modelling on a regional level are wildly used within 

the transformation research, especially in the field of RE 

(e.g. Kueppers et al. 2020; Baur et al. 2017; Wern et al. 

2016). In our work, we applied proven methods of spatial 

analysis to selected regions, which represent urban as well 

as rural settings affecting the application possibilities of 

RE. In the first step of the assessment, a status quo analysis 

of heat demand is conducted in dependence on the 

residential building typology throughout the four sample 

communities (Noll et al. 2020). The analysis of heat 

demand builds on own works on heat map analysis in 

Luxembourg having regard to additional energy suppliers’ 

data, funding data in heating sector and further regional 

data on heat supply collected within the study (Noll et al. 

2021). Following the status quo, an algorithm to replace oil 

heatings in private housedolds by alternative low-emission 

heating supply technologies is developed considering the 

characteristic of heat technologies including efficiency, 

energy saving potential, heat density, costs for insulation, 

environmental impacts etc. and their application fields in 

relation to residential structures, building types and local 

energy supply. In total, three Scenarios are built to 

illustrate possible pathways of the replacement, with 

assumption on different degree of wood heating use and 

residential renovation. In the last step, based on the 

emission factor according to EEA report No 13/2019 (EEA 

2019), the fine dust impacts are calculated. Additionally, 

the study examines, to what extent fine dust emissions can 

be reduced if appropriate filters are installed in the entire 

wood heating. This research is based on the experience of 

Berhardt et al (2016). The results are discussed with 

decision makers and regional experts in Luxemburg to 

secure theoretical data and will then be incorporated into 

the further policy changes in Luxembourg. 

Results 

The algorithm developed within the project, follows the 

priority of (i) energy saving, (ii) using heating grids, (iii) 

using low energy heating systems and (iv) using 

decentralized wood pellet burners. The status quo analysis 

shows that especially in rural Luxemburgish areas, 80 % 

of the heating systems in residential buildings are based on 

heating oil. This corresponds to an annual heating oil 

consumption of 250 million liters respectively fine dust 

emissions of 50 tons per year. An abrupt heating oil fade-

out without a comprehensive energy-focused building 

refurbishment leads in rural areas depending on the 

scenario to either an extreme increase of small wood 

heating systems or an increase of heating pumps. This 

results in locally increased fine dust emissions primarily 

concerning the old village centers, which requires further 

measures such as the use of dust filter units and leads to 

additional retrofitting costs. In urban area, heating grids 

with waste heat utilization would be more common. 

However, the related need for energy wood (especially 

wood pellets) all over Luxemburg, would grow from 14 kg 

today to approximately 450 kg per capita which exceeds 

the national availability of energy wood by far. The 

combination of restructuring measures and replacement of 

oil heating systems would enable a moderate increase of 

energy wood consumption and, in total, a  decrease of local 

fine dust emissions (see Figure 2). 

 

Figure 2.  

Conclusion 

So there is an urgent need for a structured oil heating 

replacement considering renovation and energy-oriented 

modernization, especially of the older buildings. Only the 

replacing of oil heating systems by wood pellet burners 

would overload the wood pellet supply assumed for 

Luxemburg extremly.  

Additionally, without a comprehensive energy-focused 

building refurbishment, especially in rural regions, fine 

dust filters which affect costs for a structured oil heating 

replacement were needed in over half of all residential 

buildings to avoid a relative increase in fine dust emissions 

compared to today. 
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