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The significance of energy poverty on household energy and emissions in Germany
Introduction
Energy poverty is a situation where households are not able to adequately meet their energy needs at
affordable cost, and is caused by a combination of overlapping factors including low income, high
energy prices, poorly insulated buildings, inefficient technologies and sometimes limited access to
clean and affordable energy sources. Despite estimates that 11-23% of the German population
experience energy poverty, this phenomenon remains a contentious issue in German politics. The
current and resolute political position appears to sidestep the view of energy poverty as being a distinct
and disparate entity from efforts to address overall poverty. This has resulted in it being neither
defined nor measured. With energy prices soaring post-pandemic, the strength of the social welfare
system to buffet this additional financial burden will be tested.
Households in Germany are directly responsible for a third of the total final energy demand and
represent a significant role in the energy transition. The climate targets defined for the building sector
in Germany for 2020 were not achieved, stressing the increasing urgency to take action on mitigating
negative impacts on the climate. Despite economic price signals exhibited through increasing energy
prices and carbon taxation, the majority of households in Germany are not in the financial or decisionmaking position to undertake required investments in renewable and energy efficiency technologies
in order to achieve the targets. At the same time, households experiencing energy poverty are
additionally disadvantaged in terms of participating in the energy transition through difficulties
accessing and affording resources and technologies. Consumers are both at the heart of the energy
transition and key to unlocking the potential to achieve Germany’s ambitious energy and climate
change targets.
Crucial to understanding if and how energy poverty is a significant issue in Germany is the
characterisation of household energy-related investment and consumption patterns not only by
income but also by living situation (i.e., urbanisation, home ownership and building type). Current
national energy planning is limited in providing a realistic assessment since the household sector is
considered a homogenous entity, which may result in the overestimation of contributions towards the
achievement of overarching energy and emissions targets from this sector. With energy poverty on
the rise across Europe, recognition for energy poverty in the legislation is crucial to ensuring all
households have the opportunity to participate in the energy transition without being
disproportionately disadvantaged. This requires that energy poverty is made a consideration within
the planning process, and that the development of methods to assess the impact of measures
introduced for the household sector incentivise a shift to a more sustainable energy system.
This research provides an empirical basis for recognising the significance of energy poverty outside of
the current “vulnerable consumers” lens and within the energy transition process, thereby presenting
the momentum to actively address inequalities within the energy system. Firstly, the differences in the
policy approach are outlined. Secondly, the suitability and capabilities of the method developed are
demonstrated followed by results highlighting the impact of the use of second-hand appliances (coping
mechanisms) in lower income households, a comparison between the policy approaches for energy
poverty vs. vulnerable consumers. Finally, the impact of the carbon tax on different socio-economic
groups is assessed and alternative redistribution methods are analysed.

Energy poverty and vulnerable consumers in Germany
The main drivers of energy poverty are a combination of high energy bills, low income and poor energy
efficiency of the building envelope and appliances. The discourse on energy poverty in Germany has
chiefly arisen as a result of the energy transition and the corresponding increasing electricity prices. In
general, Germany’s substantial social policy-driven approach to addressing poverty as a whole has
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been criticised as being insufficient due to its lack of a comprehensive method integrating an official
working definition of energy poverty, thereby missing an important starting point to take real action
by assessing the impact and taking action against a growing problem: some households, not classified
as ‘vulnerable consumers’ within the current broad-based social system may not be able to maintain
access to a supply of energy to meet their basic needs.
Energy poverty and vulnerable consumers are linked but distinct issues. Vulnerable consumers are
defined within the energy markets as requiring additional protection and support as individuals or a
group of specific consumers (such as social welfare beneficiaries based on socio-economic criteria such
as income, disability, age), and who may be at a disadvantage in the purchasing and use of electricity
and/or gas. The protective measures centre around ensuring maintaining access to electricity and gas
connections, usually through short-term financial support and disconnection prevention. Energy
poverty, on the other hand, goes beyond the energy markets to include all household energy sources
and energy service demands. Here the focus is on affordability of energy, but the measures aim at a
wider range of recipients and addressing the underlying cause of unaffordability with longer-term
support, for example, on improving structural issues like energy efficiency in buildings and appliances.
The chief problem with subsidisation is targeting the intended beneficiaries with sufficient funding.
Households receiving too little or no benefits will likely turn to coping mechanisms to afford the high
upfront costs of higher efficiency appliances, such as purchasing second-hand appliances. This in turn
can exacerbate the situation as these appliances usually have lower efficiencies thereby resulting in
higher lifetime consumption expenditure.
Failing to comprehend the consequences of addressing vulnerabilities in the energy sector solely
through the vulnerable consumer lens means that the national policy inhibits the achievement of
national energy transition objectives. The reasoning is threefold: by continuing to provide only bill
support to certain households struggling financially, the problem is not resolved but perpetuated, 1)
an opportunity to diversify the types of measures implemented and harness the energy efficiency
potential inherent in the lower income building sector is relinquished, and 2) subsidising fossil fuel
consumption directly excludes lower income households from participating in the shift towards a
decarbonised future as is required, and 3) subsidising fossil fuel consumption is in contradiction to the
objectives of the energy transition to shift away from carbon-emitting fuels.

Integrated assessment of energy poverty
The expected contribution from the household sector towards achieving the targets hinges on energy
system analyses which are typically modelled using average households representing all households,
disaggregated only by building type or location, which oversimplifies the situation and leads to one
technology identified as the most cost-effective solution to meet a particular demand. To explore the
cost-optimal pathway to achieving the energy transition while at the same time incorporating
consideration for the differentiated needs of various households, a new method must be developed.
In order to improve the representation of differentiated investment and consumption behaviour,
analyse opportunities to reduce energy consumption and emissions and to harness the participation
from households within the energy transition, and ensure the ability to analyse energy poverty,
households were disaggregated into specific profiles based on the major drivers of energy demand in
the household sector, such as demographics, income and expenditure, tenure, location, building type,
heating systems and appliances. The newly developed TIMES-Actors-Model for households allows a
holistic analysis accounting for the heterogeneity of the population and the limitations in investment
arising from socio-economic constraints, such a limited household budget, prioritisation of investment
trade-off decisions between different household energy service demands, and second-hand appliance
purchases.
Through the definition of dual objectives, TAM-Households finds the cost-optimal solution for the
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overall energy system given specific constraints (e.g., decarbonisation targets) while at the same time
the addition of a budget constraint defined for each profile maximises the benefit to the household
groups. A scenario analysis forms the basis to understand the implications of varying parameter
definitions on energy poverty as well as meeting energy transition targets. This thesis explored
scenarios to:
1. validate the methodology to integrate differentiated profiles together with budget constraints,
2. assess the impact of the employment of coping mechanisms in lower income households
through the use of second-hand appliances on the household energy budget,
3. explore energy poverty through access and affordability of energy investments and
consumption, comparing the policy approach to address energy poverty or vulnerable
consumers, and
4. determine the impact of carbon taxes and explore the effects of alternative redistribution
pathways.

A new way forward to addressing equality in the energy system
Methodology validation. The disaggregation of
households in conjunction with the budget BUDGET0
constraints provides insights into the limitations of
REF
current methods and demonstrates a divergence in
the future pathways with (BUDGET0) and without
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GJ/capita
(REF) the methods developed in this thesis. This
Ambient
heat
Biofuels
Biomass
highlights the cost-optimal path to achieve
Electricity
Gas
Geothermal
decarbonisation in 2050 for different profiles
District Heat
Oil
Solar
meaning greater reliance on bio and synfuels, which
would require household infrastructure investments Figure 1: Final energy consumption by fuel type per
capita in the lowest income group, 2030
and evaluation of the most cost-effective sector for
consumption as this fuel would compete with other sectors for supply. Significantly, lower income
households are unable to improve their energy welfare and only able to take action once sufficient
budget is accumulated, which means that these households will continue to live in energy poverty, or
may become vulnerable to it, given the dynamic changes in the energy supply sector and the addition
of carbon taxes. Without the addition of the budget constraint (BUDGET0), the modelling methodology
shifts to only optimising the system costs rather than also maximising the utility to the households,
which overestimates the financial capabilities of the lower income households to meet their energy
needs compared to the reference case including the disaggregation and budget constraints (REF), as
shown in Figure 1. Typically, the expected fuel distribution and magnitude of consumption in this
income group is grossly overestimated, which subsequently also leads to the erroneous conclusion
that households are financially able to meet their energy service demands.
Coping mechanisms. Lower income households implement coping mechanisms such as purchasing
second-hand appliances to circumvent the high upfront investment costs. Households seek to meet
their energy service demands by making trade-off decisions between different end-uses, investment
decisions and consumption behaviour. The advantage of
GJ/capita
buying second-hand appliances is that the household
budget can be extended, but the disadvantage is that the (consumption)
efficiency of second-hand technologies will often be
€/capita
lower than those available on the market in accordance (expenditure)
with the latest appliance standards. Coping mechanisms
2HM
0
2
4
6
8
REF
are used in households to ensure household service
demands can be met despite scarce financial capacity to Figure 2: Energy consumption and expenditure for
pay the high upfront costs. Figure 2 reveals that in lower refrigeration in lower income households, 2030
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income households relying on second hand appliances (2HM) can on average expect to spend 25% and
consume 213% more per capita annually compared to the reference case (REF). Buying second-hand
appliances or continuing to use an old appliance has negative impacts on the amount of additional
energy consumed in comparison with a newer, more efficient appliance, however the lower
investment hurdle results reduces the required capital considerably.
Policy approaches targeting energy poverty rather than vulnerable consumers supports overarching
energy and emission strategies. Policy approaches designed to address energy poverty (EP) (i.e.,
subsidise investment to energy efficiency) are compared to the policy approach to address vulnerable
consumers (VC) (i.e., subsidise electricity and gas consumption) for the expected differences in the
overall energy and emissions as well as the suppressed demands in specific household groups. Figure
3 compares the average final energy consumption in the lowest 3 income groups - as defined in
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Figure 4: Final energy consumption in lower 3 income groups per capita by fuel, building, location and tenure, 2035

Avg. €/capita

German statistics - by fuel, building, location and tenure. Subsidising heating technologies and building
refurbishments (EP) results in 25% more renewables, whereas subsidising consumption (VC) maintains
10.2 million people
fossil fuel consumption where 47% remains in the final fuel mix,
0
compared to the reference case (REF). The disaggregated results
provide insights to which building types, locations and tenure
-50
1million people
situations could benefit from targeted policies. Figure 4 shows
that in the reference case (REF) 10.2 million people require 119€
-100
per capita to meet their energy service demands. Subsidising
consumption (VC) reduces the budget deficit for the same
-150
population group to 23€ per capita. By subsidising investments
REF
EP
VC
(EP), the population unable to meet households service demands Figure 3: Suppressed demand and subsidy
requirements per capita by policy approach
reduces to 1 million people requiring each 23€.
Carbon taxes disproportionately impact lower income households and tenants. Environmental
policies debate the steady increasing carbon tax on the consumption of all fossil together with a
reduction in the electricity price through the EEG tax alleviation. While lower income households pay
more carbon tax than they receive through tax relief compensation, higher income households
consume more electricity, emit less carbon overall, and are compensated to a greater extent. Tenants
are also disproportionately affected since they lack the decision-making power for low carbon
investments, intensifying the landlord-tenant dilemma. Figure 5 compares the carbon tax burden
where the emitter pays (REF) with a scenario where the tax is shared equally between landlords and
tenants (CO2TO). Due to the greater share of tenants, the lower income groups pay less tax in the
CO2TO scenario and shift from paying over 100€ per capita to 60-75€ per capita. The share of landlords
increases with income, where the highest income group can expect an increase from 57€ per capita to
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76€ per capita. On average, the burden on
owners is increased marginally from 84€ to
87€ per capita whereas the burden on tenants
is almost halved from 84€ to 43€ per capita.
34% of the responsibility for the carbon tax
goes to commercial and government
landlords, who can expect a carbon
expenditure of an average of 89€ per rental
property annually. With the reduced tax
burden, the suppressed demand in the lowest
3 income groups reduces from 22 to 1.2
million people requiring an additional 34€ per
capita.
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Figure 5: Carbon tax burden by income group and tenure
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Targeted redistribution can reduce suppressed demands and boost energy welfare in lower income
households. Current discourse considers a redistribution of the collected carbon tax as a climate bonus
per capita in addition to an electricity tax relief. Figure 6 shows that on average the suppressed demand
increases for 22 million people from 10€ in the reference scenario (REF) to 57€ per capita in the CB
scenario which redistributes 100€ per capita. In these lower income households, the energy welfare is
impacted because households are unable to afford the investments nor the higher fossil fuel and
electricity prices in the short-term, which is not compensated with the climate bonus. If the subsidy is
targeted to lower half of the population where 50% of the population receive twice the climate bonus
(200€ per capita) significant improvement in the energy
22 million people
welfare of households is achieved where the suppressed
0
demand reduces to around 72,000 people requiring an
additional 30€ each (CBLI). This also represents the need
-20
to appropriately identify and target subsidies. Distributing
-40
72,000 people
this additional financial support to the lower half of the
-60
population would only provide 0.10€ per capita (CBLI R1CB
CBLI
REF
CBLI R1-R4
R4). Additional redistribution options can and should be
Figure 6: Alternative redistribution options
explored in greater depth.

Conclusions
This thesis took the interdisciplinary approach of integrating energy poverty research typically based
in the social sciences with an economic-engineering method developed for technology assessment and
energy system analysis, thus bridging the gap towards a more comprehensive energy transition study.
New empirical evidence highlighting the limited investment potential of households by income groups
was uncovered. Understanding energy poverty and its role in the broader energy transition debate led
to the development of an energy system optimisation model incorporating specific features, such as
disaggregated profiles accounting for the lack of financial capacity or decision-making power. This
allowed insights into the differentiated investment and consumption patterns in order to evaluate
difficulties around the affordability of the high upfront costs of investments for some households. This
thesis focussed on 1) providing a pathway towards recognising and addressing energy poverty in
Germany, 2) developing a basis for the disaggregated assessment of households within the context of
energy poverty and the energy transition, and developing evidence-based policy recommendations
through an energy system analysis for households to meet energy transition targets without
compromising their energy welfare. Solutions to addressing energy poverty do not conflict with the
objectives of the energy transition. Recognition of the issue will drive forward not only the energy
transition but will benefit all households through targeted policies and measures designed to achieve
the future vision, whilst ensuring no one is left behind.
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 Targeted policies to alleviate energy poverty achieve energy transition targets!
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