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Abstract: In the face of advancing climate change, the use of renewable energy in private households is becoming
increasingly relevant. Households act as both energy consumers and potential energy producers. Their integration
requires innovative approaches to overcome technical, economic and social barriers. In this context, the design
thinking approach offers a user-centered methodology for developing sustainable energy concepts. This article
examines the role of design thinking in promoting renewable energy in households. Based on a comprehensive
literature review and the analysis of existing case studies, it is shown that design thinking produces creative and
practical solutions through iterative processes. The approach addresses technological uncertainties, economic
challenges and social acceptance problems by systematically integrating technical requirements and real user needs.

The results make it clear that prosumer households in particular, which both consume and produce energy, can be
specifically supported through design thinking in order to increase self-sufficiency and grid stability. It also shows
that participatory and transparent design processes are key success factors for the social acceptance of renewable
energy. Overall, it can be seen that design thinking can make a decisive contribution to the practical, user-oriented
development of sustainable energy concepts. Through the structured implementation of the six phases of design
thinking, innovative solutions are created that take into account both technical feasibility and social and economic
viability. The consistent application of this approach can make a significant contribution to accelerating the
decarbonization of energy in the private sector and establishing sustainable transformation processes at household
level.
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I. INTRODUCTION

The use of renewable energy in private households is becoming increasingly important in view of climate change (cf.
Federal Environment Agency 2025). Households act as both energy consumers and potential energy producers. Their
integration requires innovative approaches to overcome technical, economic and social barriers (cf. Windkraftjournal 2025).
The design thinking approach offers a promising framework for this, as it focuses on creative, user-centered solutions. This
article examines the potentials and challenges of renewable energy in households using design thinking, with the aim of
developing practical strategies to promote the acceptance and dissemination of sustainable technologies (cf. O'Brian 2025).

Despite technological progress, obstacles remain. Uncertainties regarding implementation, high information requirements,
complex regulations and financing hurdles are making the transition more difficult (cf. Agora Energiewende 2025).
Technical challenges such as the integration of decentralized generation and a lack of control systems exacerbate the
problem (cf. Bundesministerium fur Wirtschaft und Energie 2023). Social acceptance barriers, for example in rental and
multi-party buildings, as well as ecological conflicts of interest, for example due to rebound effects, also have a negative
impact on the implementation of renewable energy solutions (cf. Fraunhofer ISE 2025).
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The switch to renewable energy in the private sector offers great potential, but requires a holistic view of technical,
economic, social and environmental aspects (cf. Deloitte 2025). The design thinking approach makes it possible to develop
user-centered and sustainable solutions iteratively. The main objective of this article is to analyze the potentials and
challenges of the decarbonization of energy in the household sector and to evaluate the contribution of design thinking in
the development of innovative energy concepts (cf. ScienceDirect 2025). The focus is particularly on prosumer households
that contribute to grid stability through active energy generation (cf. Frontierd 2025). In addition, concrete recommendations
for action are to be formulated for politicians and the private sector in order to accelerate a sustainable, renewable energy
supply.

Based on these considerations, the following research question arises: What role does the design thinking approach play in
the development of sustainable energy concepts?

Il. RELEVANCE OF THE CHOSEN TOPIC

The transition to a sustainable energy system is one of the central societal challenges of our time. In light of climate change,
rising energy costs, and the need for energy security, private households are increasingly becoming active participants in
energy generation and management. However, the implementation of renewable energy technologies at the household level
is often hindered by a complex interplay of technological, economic, and social factors. Against this backdrop, the research
question addresses a critical issue: how can we develop energy concepts that are not only technically feasible and
economically viable, but also socially accepted and tailored to the actual needs of users? This is where Design Thinking
comes in, as a method that systematically integrates user perspectives into innovation processes.

Design Thinking provides a structured yet adaptable methodological framework that places particular emphasis on empathy,
creativity, and iterative development. Within the context of sustainable energy, this approach gains special relevance as it
enables the systematic integration of user perspectives into complex innovation processes. It facilitates the development of
user-friendly technologies, such as intuitive smart energy management systems, that meet the practical needs and
expectations of end users. Furthermore, Design Thinking supports the creation of participatory solution models, including
energy-sharing systems and citizen cooperatives, which promote social acceptance and engagement. By applying iterative
prototyping and real-world testing, Design Thinking also helps to identify and address barriers to acceptance and
implementation at an early stage. This approach thereby contributes significantly to the development of energy solutions
that are not only technically feasible and economically viable, but also socially embedded and user-centered.

Thus, the research question is highly relevant as it explores whether and how Design Thinking can close the gap between
technological innovation and practical application in everyday life. The answer to this question may provide valuable
insights for policymakers, developers, and researchers working at the intersection of sustainability, innovation, and user
engagement.

I11. ANALYSE OF RECENT RESEARCH

Renewable energies include resources that are naturally regenerative and play a central role in a sustainable energy supply
(cf. Agora Energiewende 2025). These include solar energy, wind energy, hydropower, bioenergy and geothermal energy
(cf. BEE 2025). Solar energy uses the sun's radiation to generate electricity (photovoltaics) and heat (solar thermal energy),
whereby technological advances have led to significant increases in efficiency and cost reductions (cf. Irena 2025). Wind
energy converts the kinetic energy of the wind into electricity using turbines and offers great potential, particularly in windy
regions. Hydropower uses the kinetic energy of water to generate electricity and is an established technology (cf.
Bundesverband Windenergie 2025). Bioenergy uses organic materials to generate energy and makes a significant
contribution to CO: reduction (cf. Bio-CO: Use and Removal 2025). Geothermal energy taps heat from the earth's interior,
particularly in geologically active regions (cf. GeoTHERM expo & congress 2025).

A. Advantages during implementation
Essentially, there are five significant advantages that can be summarized in relation to the research question outlined above.

= Economic Advantages: Self-consumption systems such as photovoltaic (PV) installations offer substantial long-term
cost savings by reducing the need to purchase electricity from the grid (cf. Fraunhofer Institute for Solar Energy Systems
ISE, 2025). Even though government subsidies for renewable energy are gradually declining, the economic feasibility
of these systems remains strong. This is largely due to steadily increasing electricity prices and decreasing technology
costs, particularly for PV modules and batteries (cf. Finanztip, 2025). Additionally, hybrid energy systems—such as
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combinations of solar power, battery storage, and district heating networks—can further enhance energy efficiency and
overall profitability by optimizing energy use across multiple applications (cf. Reneva, 2025).

Promoting Innovation through Creative Problem-Solving: Design Thinking provides a user-centered, iterative
approach to innovation that enables the development of tailored solutions in the energy sector. By focusing on actual
user needs and real-world challenges, this methodology fosters the creation of intuitive user interfaces for energy
management systems, making complex technologies more accessible. Furthermore, it opens up new possibilities for
innovative business models, such as peer-to-peer energy sharing within local communities, which support the
decentralization of energy systems (cf. Michelon, Zhou, & Morstyn, 2025).

Environmental Friendliness and Sustainability: The use of renewable energy sources significantly lowers greenhouse
gas emissions and helps combat climate change by replacing fossil fuels with clean alternatives. Beyond CO: reduction,
renewable systems also minimize air and water pollution, which contributes to improved public health and
environmental quality (cf. Energas, 2025). Moreover, decentralized energy production—such as rooftop solar
installations—reduces the need for large-scale infrastructure, thereby lessening the ecological footprint and preserving
natural landscapes (cf. Federal Environment Agency, 2025).

Self-Sufficiency: Design Thinking can play a crucial role in empowering users to become more energy-independent.
By developing user-friendly systems and tools that facilitate the production, storage, and management of self-generated
energy, individuals can gain greater control over their energy usage. This not only reduces reliance on central grid
operators but also protects users from volatile energy prices, leading to long-term financial and operational benefits (cf.
ESB Network, 2025).

Grid Stability: As users become more integrated into the overall energy system—through technologies such as smart
meters, load-shifting appliances, and automated demand response—they can actively contribute to balancing supply and
demand on the grid. By adapting their energy consumption to align with periods of high renewable generation, such as
sunny or windy conditions, they help to ease stress on the grid and improve overall system stability (cf. Reuters, 2025).
This dynamic participation is especially important in energy systems with high shares of variable renewables.

Sustainable Behavior and Awareness-Building: Actively involving users in the design and implementation of energy
systems fosters a deeper understanding of energy flows and environmental impacts. This participatory process enhances
ecological awareness and encourages behavioral changes that support sustainability in everyday life. As users develop
a sense of ownership and responsibility for the energy they consume and produce, they are more likely to adopt energy-
saving habits and advocate for broader ecological practices (cf. Bremer, 2025).

Challenges during implementation

owever, renewable energies are not only associated with advantages; there are also a few disadvantages and challenges

that need to be considered.

Technological barriers: The volatile feed-in of renewable energy requires efficient storage and management solutions.
In addition, the integration of decentralized generators into existing grid structures is a key challenge (cf. VDE 2025).

Costs and investments: High initial investments remain a barrier to entry, although there are long-term operating cost
benefits. Government funding programmes and alternative financing models such as citizen participation can mitigate
the economic burden (cf. Agora Energiewende 2025).

Social acceptance and legal framework: Acceptance problems often arise due to a lack of participation and insufficient
information. Fair distribution of the cost-benefit effects and participation models such as energy cooperatives increase
acceptance. In addition, flexible legal frameworks are necessary to enable innovative approaches (cf. Fachagentur
Windenergie 2025).

Based on this knowledge, the research question posed above can be answered as follows: The design thinking approach
plays a central role in the development of sustainable energy concepts by enabling user-centered, creative and iterative
solutions to the complex challenges of the decarbonization of energy in private households. Given the technological,
economic and social barriers to the integration of renewable energy, design thinking offers a methodical approach that takes
into account both technical requirements and user needs. The structured application of the six phases allows innovative
energy concepts to be systematically developed and continuously adapted to real-life conditions.
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The Figure illustrates the main contents in a systematically structured overview of key points. The integration of renewable
energy in private households holds considerable potential, but requires technological, financial and social hurdles to be
overcome (cf. Depta 2024). The design thinking approach offers a promising tool for developing sustainable and accepted
solutions.
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Figure 1: Renewable Energies - Advantages and Challenges
Source: Own representation

The expansion of renewable energy is essential in order to reduce dependence on fossil fuels and meet rising energy demand
in a sustainable manner. This requires technological innovation, political support and social acceptance (cf. World
Economic Forum 2025).

Relevance for private households: Renewable energy technologies such as photovoltaic systems and heat pumps enable
households to reduce their ecological footprint and cut energy costs in the long term (cf. Fraunhofer ISE for Solar Energy
2025). Studies show that the electricity production costs of photovoltaic systems are now lower than end customer prices,
which significantly increases their economic viability (cf. KfW 2025). Support programs and innovation processes are
crucial to lowering investment barriers and strengthening social acceptance (cf. BEG 2025).

Developments and trends: Technologies such as solar and wind energy are constantly evolving and are becoming
increasingly cost-efficient (cf. BloombergNEF 2025). The increased use of decentralized generation and storage
technologies contributes to security of supply and system resilience (cf. S&P Global 2025). The sector coupling of
electricity, heat and mobility as well as political measures such as research funding and market launch programs are
accelerating the expansion of renewable energies (cf. Matidor 2025). Furthermore, these technologies not only make
environmental contributions, but also promote local value creation and employment (cf. Vox 2025).

Design thinking as an innovation approach: Design thinking is a user-centered, interdisciplinary innovation approach
that generates creative and practical solutions through iterative processes (cf. nuvio 2025). The process is divided into six
phases (cf. Emeritus 2025): Understanding, observing, defining perspectives, finding ideas, developing prototypes and
testing. Key characteristics are empathy with user needs, collaborative teamwork and rapid prototyping (cf. Charles Amith
2025). Studies show that design thinking can significantly improve innovation processes in the public and private sectors
and also support social and political transformation processes (cf. EY Design Studio 2025).
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Application of design thinking to renewable energy in households: Design thinking can be used to develop customized
solutions for the integration of renewable energy in households (cf. Pedersen & van der Kaaij 2025). In the understanding
phase, ecological, economic and social framework conditions are analyzed. In the observation phase, the needs and behavior
of users are examined in detail. The definition of perspectives structures these findings and enables the targeted development
of ideas (cf. Kumar 2025). In the idea generation phase, a variety of solution approaches are generated, which are
transformed into initial feasible concepts and tested in the prototype development phase (cf. Laghari 2025). Finally, the test
phase enables the concepts to be validated under real conditions and ensures their user-centric optimization (cf. Shreeram
2025).

The iterative nature of the design thinking process makes it possible to identify and address technical, economic and social
challenges at an early stage (cf. Emeritus 2025). Design thinking is therefore an effective tool for sustainably promoting the
acceptance and implementation of renewable energy in the private sector (cf. Triangility 2025).

IV. PURPOSE OF THE ARTICLE

The primary purpose of this article is to explore the relevance and applicability of the design thinking approach in the
development of sustainable energy concepts, particularly within the private household sector. In light of pressing challenges
such as climate change, rising energy costs, and the growing need for decentralized solutions, the integration of renewable
energy at the household level is both necessary and complex. This complexity stems from a combination of technological,
economic, and social barriers that hinder widespread adoption. Against this backdrop, the article examines how design
thinking; as a user-centered, iterative innovation methodology can contribute to overcoming these barriers. Through the
systematic analysis of recent research, publications, and case-based literature, the article aims to assess the extent to which
design thinking can be employed to create practical, socially accepted, and technically viable energy solutions. The focus
lies particularly on prosumer households, which play a dual role as both energy consumers and producers.

The article seeks to generate strategic insights and actionable recommendations for policymakers, energy providers, and
technology developers by demonstrating how design thinking can foster user engagement, support innovation, and promote
the acceptance of renewable energy technologies. In doing so, it contributes to the ongoing discourse on how
interdisciplinary and participatory approaches can support the decarbonization of the energy system in a socially inclusive
and economically sustainable manner.

V. METHODOLOGY

The objective of this article is to systematically analyze and evaluate the contribution of the design thinking approach to the
development of sustainable energy concepts in the context of private households. In light of the growing importance of
renewable energy and the existing technical, economic, and social barriers to implementation, the article examines the extent
to which design thinking, as a user-centered and iterative innovation approach, is suitable for developing practical, widely
accepted, and holistic solutions for the decarbonization of the household energy sector.

At the core of the analysis is the question of what potentials and limitations design thinking offers in the integration of
renewable energy, and how this approach can be aligned with existing technical and political frameworks. Using a
qualitative document analysis, relevant studies, practical examples, and publications are evaluated to derive actionable
recommendations for policymakers, industry, and society. This article is based exclusively on the method of document
analysis. Relevant specialist literature, scientific studies and relevant publications are systematically selected and evaluated
for data collection. The aim is to enable a well-founded and differentiated discussion of the potential and challenges of
using renewable energy in private households.

It begins with a terminological clarification of key terms. Building on this, the sources analyzed are used to classify and
critically discuss the topic in its technical, social, economic and ecological context. It concludes with a critical reflection on
the results and an outlook on future fields of research and application. The analysis is based on a comprehensive literature
review and the evaluation of existing case studies. In addition, the interactions between space and technology in the context
of the decarbonization of energy are examined. The aim is to develop a differentiated, holistic understanding of the
challenges and opportunities in the implementation of renewable energy using the design thinking approach.

The use of renewable energy in private households offers significant ecological and economic benefits, but also poses
challenges that require innovative approaches such as design thinking (cf. Agora Energiewende 2025). By reducing
greenhouse gas emissions, renewable energies make an important contribution to climate protection and enable households
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to make long-term cost savings (cf. KW 2025), for example through the use of photovoltaic systems or heat pumps (cf.
Fraunhofer ISE 2025).

Despite this potential, there are obstacles such as high initial investments, technological uncertainties and social acceptance
problems (cf. Obuseh et al. 2025). Aesthetic concerns and a lack of information also have a negative impact on
dissemination. Design thinking offers a systematic framework for iteratively integrating technical, economic and social
aspects into user-centered solutions (cf. Alcook 2025). Successful implementation of renewable energy in households
therefore requires an integrative, multifactorial approach (cf. Obuseh et al. 2025).

By focusing strongly on user perspectives, solutions can be identified that effectively address technical uncertainties, high
initial investments and acceptance problems. Particularly in the area of prosumer households, which both consume and
generate energy, design thinking helps to increase self-sufficiency and promote grid stability (cf. Sovacool & Dworkin
2025). The approach also helps to overcome social and legal barriers by developing participatory, understandable and visible
value-added solutions that enable broader social acceptance of renewable energy (cf. PwC 2024). This is essential in order
to overcome existing information deficits, aesthetic reservations and participation gaps.

Overall, it can be seen that design thinking can make a decisive contribution to the practical development of sustainable
energy concepts (cf. Pedersen & van der Kaaij 2024). It creates a methodological foundation that addresses technical
feasibility, economic viability and social acceptance in equal measure and thus enables the successful implementation of
the decarbonization of energy at the household level (cf, Hasso Plattner Institute 2024).

The outlook for the use of renewable energy in private households using design thinking shows a promising picture, but
also significant challenges (cf. Pedersen & van der Kaaij 2024). Comprehensive European cooperation could bring
significant cost savings in the expansion of renewable energy. This includes in particular the optimization of locations and
the use of economies of scale (cf. European Commission 2025).

Empathize: This stage involves understanding the user's needs, motivations, and pain points. This can be achieved through
various research methods, such as interviews, surveys, observations, and user testing. The goal is to develop a deep
understanding of the user's perspective. Define: In this stage, the problem is clearly defined based on the insights gathered
during the empathize stage. This involves synthesizing the research data and identifying the core problem that needs to be
solved. The problem statement should be human-centered and focus on the user's needs. Ideate: This stage is about
generating a wide range of potential solutions to the defined problem. It encourages brainstorming, sketching, and other
creative techniques to explore different possibilities. The goal is to generate as many ideas as possible, without judgment.
Prototype: In this stage, the most promising ideas are turned into tangible prototypes. These prototypes can be simple
sketches, paper models, or more sophisticated digital prototypes. The goal is to create something that can be tested and
evaluated. Test: This stage involves testing the prototypes with users to gather feedback and identify areas for improvement.
The feedback is then used to refine the prototypes and iterate on the design. This process is repeated until a satisfactory
solution is achieved.

The illustration below makes it clear that Design Thinking is to be understood as a system of stages. Furthermore is possible
from each step to jump back to the process before or complete to start at the beginning.

Design Thinking Process

Empathize Define |deate Prototype Test

Q D)
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Figure 2: Design Thinking Process
Source: Own presentation

Design thinking offers a potentially valuable methodological approach to promoting innovation by enabling user-centered
solutions to be developed and technological barriers to be overcome. In the long term, the technological integration and
acceptance of renewable energy will be crucial (cf. Axpo Holding company 2025). The transformation also requires
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considerable investment in infrastructure. For example, the expansion of grid capacities will be necessary in order to
adequately handle the fluctuating feed-in of renewable energies (cf. German Federal Network Agency 2025). Another
important employee survey topic area is social acceptance, which must be promoted through participatory planning
processes and transparent communication strategies. Overall, it is clear that the consistent and coordinated implementation
of the use of renewable energy, supported by innovative methods such as design thinking, is a promising way to shape the
energy future of private households in a sustainable and economical way (cf. Bundesverband der Energie- und
Wasserwirtschaft 2025).

VI. CONCLUSION

While design thinking offers promising perspectives for energy decarbonization, its actual relevance for transforming
private households remains questionable. The approach is presented as a near-universal solution but without addressing
methodological limits or practical challenges. Its focus on user needs neglects systemic, regulatory, and infrastructural
constraints, as well as issues like grid integration, storage, and scalability.

The article relies mainly on theory, lacking empirical evidence for effectiveness. It centers on privileged prosumer
households, overlooking socio-economic inequalities that may limit access to renewable technologies. Without targeted
support and inclusive participation models, design thinking could reinforce existing disparities.

Cultural and psychological resistance to change also receives little attention. Effective solutions require combining user-
centered innovation with technological, political, and social system analysis. Pilot projects and case studies should test its
applicability, while interdisciplinary cooperation should integrate technical, economic, and cultural perspectives.

In sum, the potential of design thinking is overstated, and complementary systemic approaches are needed to address the
complex challenges of energy decarbonization.
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