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Abstract 
 
The ongoing process of sustainable advancements within electricity grids heralds a new phase 
of the global energy transition. Moreover, a phase defined by uncontrolled electricity generation 
from renewable energy sources (RES), the incorporation of energy storage and demand side 
management (DSM) techniques. Given the potential of the Home Energy Management System 
(HEMS) to assist utilities, grid operators and governments in DSM and national grid support, 
these stakeholders are advocating for large-scale HEMS adoption by residential consumers 
worldwide. However, despite the fact that available HEMSs align with the technological 
industry standards and are capable of providing individual benefits to its end-users, adoption 
among these residential consumers is falling short of the global expectations. Therefore, the 
objective of this research was to design a value proposition for the HEMS aimed to enhance 
residential consumer adoption. An initial Value Proposition Canvas was designed through the 
lens of a utility, by aligning their envisioned Value (Proposition) Map with the identified 
Residential Consumer Profile of this study. This profile was constructed on the basis of data 
acquired from four qualitative focus group interview sessions with residential consumers. 
Subsequently, four validation interviews with HEMS experts from were conducted, to assess 
the alignment within the initial HEMS Value Proposition Canvas and gather additional expert 
insights regarding the enhancement of residential consumer HEMS adoption. The key findings 
of this study identified four underlying adoption domains. In addition, five core HEMS values 
for residential consumers were determined. Incorporating these findings alongside principles 
from the Innovation-Decision Process model and Technology Acceptance Model, a final Value 
Proposition Canvas design was presented for the HEMS. Therefore, this research provides an 
academic contribution by underscoring the manner in which residential consumer adoption of 
the HEMS can potentially be enhanced. Moreover, it offers a guideline for stakeholders that 
desire to implement sustainable energy solutions and it marks a significant stride within the 
discourse on global energy transition. However, due to confidentiality, the complete version of 
this research paper will be made publicly available from the 1st of January 2025. Below, a public 
summary of the research will therefore be provided.    
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1. Introduction 
 
Despite today’s global familiarity with the energy transition, the matter remains a dominant 
topic with ongoing advancements. Furthermore, awareness regarding the consequences caused 
by fossil fuel implications spurred rapid integration of renewable energy sources (RES) within 
energy grids all over the world. According to Hossein Motlagh et al. (2020), the Internet of 
Things (IoT) has become critical related to the optimalization of modern energy systems, since 
IoT-based technologies can be applied within these systems to improve their efficiency, 
increase the share of RES, and thus reduce environmental impacts. Nowadays, according to Lin 
et al. (2017), the IoT is especially utilised effectively within the smart grid domain. While 
originally introduced to replace traditional energy grids, through the provision of reliable and 
efficient energy services towards integrated residential consumers, smart grids have since 
evolved to become the global standard within the energy sector. This emergence was primarily 
caused by the rise of smart meters, together with underlying and bidirectional communication 
networks, fostering interactions between residential consumers and utilities. Moreover, since 
these smart meters allow utilities to monitor various aspects of residential energy utilisation, 
such as consumption (patterns) and electricity generation from private solar panels, residential 
consumers are digitally provided with valuable insights related to their costs. In addition, home 
area networks (HAN) parallelly transformed the electricity utilisation patterns during this 
period, labelled as the smart grid era by Zhou et al. (2016). Lastly, the upcoming trends of 
vehicle-to-grid (V2G) technologies as well as energy storage systems (ESS), combined with 
the extensive generated electricity loads of private RES, have reshaped the manner in which 
electricity is managed today. Namely, steering away from the centralized (national) energy grid 
infrastructures and shifting further towards decentralized cyber-physical energy systems. 
Elaborating further, RES- and ESS-integrated smart grids which incorporate demand side 
management (DSM), by utilising techniques such as short-term demand response (DR), to 
modify the residential electricity demand. This demand response enables residential consumers 
within smart grids to actively participate in the system’s management of electricity, by 
modifying their consumption during peak periods, in exchange for beneficial time-based tariffs 
and additional personalized incentives. Therefore, according to Hui et al. (2020), IoT-based 
demand response techniques are widely considered as an effective approach for utilities in 
realizing long-term demand side management objectives within smart grids. 
 
A theoretical concept that complements this decentralized smart grid approach exceptionally 
well and is therefore becoming increasingly indispensable on global scale, is the Home Energy 
Management System (HEMS). According to Shareef et al. (2018), the HEMS qualifies for 
demand side management within smart grids since it integrates an automated demand response 
tool, to efficiently manage the residential electricity demand within smart homes. Moreover, 
the HEMS optimizes consumption schedules by considering multiple factors, including costs, 
load profiles and end-user comfort. Since the HEMS receives tariff-related information form 
utilities upfront, the system is capable of purchasing lower-priced electricity for residential 
consumers during daily off-peak hours. Optionally, private RES (e.g., solar panels) and home 
batteries are utilised to support the optimal management of a residential consumer’s smart home 
components during the remaining peak hours. Consequently, Shakeri et al. (2017) underlined 
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the significance of residential consumer adoption of the HEMS within future smart grid 
electricity management, as the HEMS characteristics enable improved electricity management, 
finances, and reliability for both residential consumers as well as utilities. Therefore, the current 
value proposition for the HEMS offers residential consumers integration of the system within 
their (smart) homes, in exchange for individual benefits and the opportunity to contribute to the 
smart grid demand side management exerted by utilities. Given the potential of this mutual 
trade-off, various utilities around the world seek residential consumer adoption of the HEMS, 
in an attempt to achieve their demand side management objectives. 
 

1.1 Problem identification and research motivation 
 
As outlined above, HEMS utilisation within smart grids thus has the potential to yield multiple 
advantages for various stakeholders involved. Furthermore, according to Nizami et al. (2019), 
the HEMS can offer benefits to residential consumers while still maintaining their end-user 
comfort. Simultaneously, the integrated demand response tool is able to contribute to local 
voltage-violation-support, as well as direct load control of national electricity grids. However, 
in order to realise these mutual benefits, the active involvement and participation of residential 
consumers within smart grids is of pivotal importance for utilities and grid operators. Therefore, 
achieving widescale residential consumer adoption of the HEMS could arguably form the 
gateway to the establishment of an optimal incentive structure, in which benefits for 
(residential) consumers, utilities, grid operators, and governments are optimised. However, after 
an assessment of the HEMS market and the identification of several adoption barriers, 
Sanguinetti et al. (2018) concluded that precisely the residential consumer adoption of the 
HEMS is falling short of expectations within practical implementations of the system. 
Therefore, no established or documented optimal incentive structure is currently presented 
within the HEMS, demand side management and/ or smart grid literature, resulting in unrealised 
potential for stakeholders within the energy sector, as well as suboptimal functioning smart 
grids around the world. 
 
Based on this, a significant knowledge gap was identified for this study, related to the residential 
consumer adoption of the HEMS. Specifically, this gap pertained to the lack of understanding 
regarding the integration and role of residential consumers within smart grids, through their 
utilisation of the HEMS. This knowledge gap did not solely obstruct the realization of demand 
side management and smart grid objectives for utilities but hindered the progress of additional 
important stakeholders within the energy sector as well, thereby impeded the next phase of the 
global energy transition. Motivated by these observations and recognizing the awaiting 
potential that widescale residential consumer adoption of the HEMS within modern energy 
systems may unlock, this research aimed to further explore this gap. 
 

1.2 Central research question and treatment contribution 
 
Reinforcing the above, the critical role of residential consumers regarding the adoption of smart 
home technologies (e.g., the HEMS) was strongly highlighted as Ringel et al. (2019) claim that 
governmental policymakers harbour aspirations to incentivize microeconomic actors towards 
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harmonising their decisions with broader macroeconomic strategies. Through emphasis on the 
economic, environmental, and social end-user benefits at the microeconomic level, residential 
consumers might become advocates for energy efficiency out of enlightened self-interest. As 
such, this presents an appealing path for utilities to realise demand side management objectives 
through the HEMS. In addition, Kim et al. (2021) argued that the majority of previous HEMS-
related research skewed towards the analysis of technical smart home characteristics, focused 
on inherent technologies, rather than the prioritisation of residential consumers for whom these 
technologies are ultimately designed. Therefore, these explorations proposed HEMS design 
trajectories for future smart homes. Yet, this overemphasis on the current technical 
advancements triggered a dissonance. Moreover, Kim et al. (2021) underlined the importance 
of reflection on residential consumer behaviour concerning the HEMS and therefore advocated 
for a bottom-up approach, to realise smart grid objectives for stakeholders such as utilities, grid 
operators, and governments. This suggests a design initiation from the residential consumer-
level, gradually advancing towards strategic goals within the higher levels. Therefore, this study 
oriented around residential consumers, the ultimate end-users for whom the HEMS is designed. 
Therefore, the central research question of this study stated: 
 
“How to design a value proposition for a Home Energy Management System aimed to 
enhance residential consumer adoption?” 
 

2. Theoretical Framework  
 
Within this chapter, a lens through which the main elements of the central research question 
from this paper were analysed is provided. Therefore, marking the scope of the study. First, the 
central research question was dissected, after which all its elements were clarified 
comprehensively and coherently. Then, all elements were linked to relevant theories, 
frameworks and models. After having extensively elaborated on all the elements of the paper's 
central research question and constructing the Theoretical Framework accordingly, a concise 
enumeration of the key takeaways is provided for this summary below. 
 

2.1 HEMS definition 
 
Within the first subchapter, several HEMS definitions that were extracted from related literature 
are provided, serving as the foundation for the paper’s formulated HEMS definition, which was 
thereafter set and stated the HEMS as: a sophisticated IoT-based system, capable of minimizing 
electricity expenses for residential consumers, by generating optimal consumption schedules 
through an integrated DR tool that considers a multitude of factors. Furthermore, crucial smart 
home components under the purview of the HEMS encompass, but are not limited to, private 
(PV) solar panels, home batteries, heat pumps, EVs, and EV-associated charging station.  
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2.2 HEMS benefits for residential consumers  
 

Based on eleven distinct HEMS benefits for residential consumers, identified within literature, 
four core HEMS benefits were ultimately integrated within the Theoretical Framework’s second 
subchapter. Moreover, several of these incorporated (multiple) sub-benefits. Given that these 
benefits are factors that are theoretically capable of enhancing residential consumer adoption, 
it was essential to discover which of these benefits would practically be identified and/ or 
recognized by residential consumers, thereby confirmed as beneficial and which specific 
benefits were not perceived as such within the study. Moreover, it was deemed crucial to 
ascertain the underlying factors responsible for causing the above.  
 

2.3 Enhancing residential consumer adoption 
 
Related to this, the Innovation-Decision Process (IDP) model and the Technology Acceptance 
Model (TAM) were introduced and integrated as theoretical foundation for enhancing residential 
consumer adoption within the Theoretical Framework of the paper. In particular, the relative 
advantage of the IDP’s persuasion characteristics and the Perceived Usefulness, as well as 
Perceived Ease of Use dimensions of the TAM could be leveraged within the study to emphasize 
the core HEMS benefits for residential consumers within the value proposition, since its 
ultimate design aim was to enhance residential consumer adoption of the HEMS. Therefore, the 
IDP and TAM were expected to portray a crucial role within the research, related to enhancing 
the residential consumer adoption potential within the value proposition, as well as increasing 
residential consumer understanding related to the four determined core HEMS benefits.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The Innovation-Decision Process (Rogers, 2003) 
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Figure 2. The Technology Acceptance Model (Venkatesh & Davis, 1996) 
 
 

2.4 Designing a value proposition for the HEMS 
 
Lastly, the Value Proposition Canvas (VPC) was integrated within the Theoretical Framework 
of the study as well since this concept was ultimately utilised as the supporting tool to actually 
design the value proposition for the HEMS of the research.  
 
 

 

 
 

 

 

 

 

 

Figure 3. The Value Proposition Canvas (Osterwalder et al., 2014) 
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3. Methodology  
 
The third chapter delved deeply into the processes that were conducted within the study to 
achieve Fit between the Value (Proposition) Map side of the VPC and the Consumer Profile 
side. Furthermore, the chapter in detail describes and explains the design science research 
approach that was followed during the study, in an attempt to answer the central research 
question of the paper. Moreover, shedding light on the reasoning that underpinned the 
conducted decisions during this process. Therefore, the chapter serves as a roadmap through all 
the iterative design stages of the study, from the initial problem identification and research 
motivation to the final re-design of the Value Proposition Canvas for the HEMS, as proposed 
treatment for the problem context of this study. Alongside this, the methods that were employed 
to validate and evaluate this treatment’s effectiveness are explained within the chapter, by 
detailing the specific techniques and measures that were chosen, as well as their application and 
significance within the context of the design study. Furthermore, the data collection and 
analysis methods that were utilised are explained, offering an overview of the data's relevance, 
the process through which it was gathered, and the exact analysis conducted to extract 
meaningful findings and insights.  
 

3.1 The utility collaboration  
 
As mentioned above, the study was conducted in collaboration with an existing utility. This 
collaboration strengthened the motivation and aim of the study, as it allowed the opportunity to 
integrate two crucial stakeholder perspectives related to the residential consumer energy sector 
within the design process of the HEMS value proposition. Additionally, this collaboration 
enabled and fostered the gathering of first-hand data from both a utility as well as residential 
consumers. This, in turn, contributed to the alignment within the Value Proposition Canvas that 
was utilised within the study, thereby fostering Fit. 
 

3.2 Theoretical design science foundation for the study’s research methodology 
 
According to Vom Brocke et al. (2020), design science research builds upon prior design 
knowledge, to create innovative designs and novel understandings. Subsequently, future design 
problems are able to benefit from this knowledge. Therefore, the research methodology of the 
study was built upon three existing as well as established contributions within the design science 
research literature, namely: Hevner et al. (2004), Peffers et al. (2007) and Wieringa (2014). 
Below, detailed reasoning for integrating each of these contributions is described: 
 

I. Hevner et al. (2004): While constructing the design science research methodology for 
the research, the seven guidelines for design science in information systems research, 
proposed by Hevner et al. (2004) were found as the most established contribution within 
design science literature. Therefore, this design science contribution was integrated as 
the starting point that could provide framework and scope limits for the design process 
of the value proposition for the HEMS. 
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II. Peffers et al. (2007): Thereafter, the DSRM of Peffers et al. (2007) was identified as 
the most established research methodology within design science literature. Although 
the DSRM is not necessarily described as a linear process, this contribution was 
integrated to provide guiding directions within the broad design scope that was 
determined. Therefore, the DSRM was utilised to form an established approach 
foundation for the design process of the value proposition from scratch. 

 
III. Wieringa (2014): Thirdly, the book of Wieringa (2014) was integrated within the study 

to strengthen, extend and modernise the DSRM from Peffers et al. (2007), as this book 
was observed to emphasize greater on the validation process within design science. 
Moreover, the treatment terminology of Wieringa (2014) was deemed more suitable 
instead of solution (Hevner et al., 2004 & Peffers et al., 2007), considering the problem 
context of lacking residential consumer HEMS adoption. Ultimately, the four design 
stages composed of eleven conducted steps, were constructed from joint inspiration that 
was primarily gained from the design cycles of Wieringa (2014) and the DSRM of 
Peffers et al. (2007). Furthermore, incorporating the principles of Hevner et al. (2004) 
as secondary theoretical backbone layer and for determining scope limits related to the 
design process of the value proposition. 

 
3.3 The study’s design science research methodology 

 
Ultimately, the conducted design science research methodology of the study consisted of four 
design stages, that were composed out of eleven conducted steps.   
 

 
 
 
 
 
 
 
 
 
 

Figure 4. The design science research methodology of the study 
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4. The Design Process of the Initial HEMS Value Proposition Canvas 
 
At this stage of the research, a comprehensive understanding of the problem and its context 
were precisely established. Furthermore, an extensive explanation was formulated concerning 
the anticipation that the formulation of an adoption-enhancing value proposition for a HEMS 
could serve as potential treatment for the lacking residential consumer adoption of the system. 
Also, each element derived from the central research question was examined individually. 
Specifically, focusing on the HEMS benefits for residential consumers and integrated models 
(i.e., IDP and TAM) with adoption-enhancing potential. Finally, the completion of the 
stakeholder analysis signified the completion of the initial stage of the research, namely the 
“Problem Investigation” stage as well. This progression meant that the second stage, labelled 
as the “Treatment Design” stage could now be initiated. 

Therefore, this chapter within the research paper aims to detail all the procedures that were 
executed within the creation of the actual Value Proposition Canvas, commencing with the 
determination of a clear treatment goal, as well as the establishment of several specific 
treatment requirements. The conclusion that emerged from the stakeholder analysis was that 
the underlying stakeholder objectives and motives for residential consumer adoption of the 
HEMS remained inadequately charted. Therefore, this chapter provided an elaborate 
explanation regarding the manner in which the Residential Consumer Profile was constructed. 
As described within the Methodology chapter, data was accumulated from residential 
consumers through qualitative focus group interviews. This data proved instrumental in 
unveiling valuable insights relating to the adoption attitudes of these consumers towards the 
HEMS. Utilising these findings, the Residential Consumer Profile was ultimately constructed. 
Upon completion of this task, the Value (Proposition) Map of the utility was compiled. This 
process incorporated all the data acquired from internal (HEMS) meetings, conferences, 
minutes, strategic documentation, as well as numerous explicit dialogues. Specifically, data 
clarifying the manner in which the utility intended to provide value to their residential 
customers.  

5. Validation & Evaluation  
 
Within this chapter, the initial HEMS Value Proposition Canvas that was outlined within the 
previous chapter of the paper is validated through four qualitative expert interviews. 
Furthermore, it is evaluated whether the HEMS Value Proposition Canvas met the treatment 
goal and requirements that were determined. Lastly, the key findings of the study are discussed 
in relation to the application of the Innovation Process-Decision model and the Technology 
Acceptance Model, on the basis of which the final design for the HEMS value proposition 
aimed to enhance residential consumer adoption was designed within the final chapter of the 
research paper.  
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6. Presentation of the Final HEMS Value Proposition Canvas  
 
This last chapter of the research paper presents the final design of the HEMS Value Proposition 
Canvas. After that, the canvas is reflected on, resulting in the description of conclusions that 
were drawn. Finally, three of the study's limitations are addressed as well as three directions for 
future research are provided. However, as stated earlier, the utility in question strongly desires 
these findings as well as the majority of content from all the chapters above to remain 
confidential until 2025. Again, merely the structures of these chapters were therefore described 
within this public summary. Nevertheless, as mentioned in the beginning, the researcher of the 
paper, the University of Twente and the utility in question agreed that the complete research 
paper will be made publicly available on the 1st of January 2025.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 12 

References 

1. Al-Ali, A. R., Zualkernan, I. A., Rashid, M., Gupta, R., & Alikarar, M. (2017). A Smart 
Home Energy Management System Using IoT and Big Data Analytics Approach. IEEE 
Transactions on Consumer Electronics, 63(4), 426–434.  
https://doi.org/10.1109/tce.2017.015014  
 

2. Aurangzeb, K., Aslam, S., Haider, S. I., Mohsin, S. M., Islam, S. ul, Khattak, H. A., & 
Shah, S. (2019). Energy forecasting using multiheaded convolutional neural networks 
in efficient renewable energy resources equipped with Energy Storage 
System. Transactions on Emerging Telecommunications Technologies, 33(2). 
https://doi.org/10.1002/ett.3837  
 

3. Chen, Y.-Y., Lin, Y.-H., Kung, C.-C., Chung, M.-H., & Yen, I.-H. (2019). Design and 
implementation of cloud analytics-assisted Smart Power Meters considering advanced 
artificial intelligence as edge analytics in demand-side management for Smart 
Homes. Sensors, 19(9), 2047. https://doi.org/10.3390/s19092047   
 

4. Di Giorgio, A., Pimpinella, L., Quaresima, A., & Curti, S. (2011). An event driven smart 
home controller enabling cost effective use of electric energy and automated demand 
side management. 2011 19th Mediterranean Conference on Control & Automation 
(MED). https://doi.org/10.1109/med.2011.5983014   
 

5. Elsevier. (2023, August 25). The use of AI and AI-assisted writing technologies in 
scientific writing. https://www.elsevier.com/about/policies/publishing-ethics/the-use-
of-ai-and-ai-assisted-writing-technologies-in-scientific-writing  
 

6. Etedadi Aliabadi, F., Agbossou, K., Kelouwani, S., Henao, N., & Hosseini, S. S. (2021). 
Coordination of Smart Home Energy Management Systems in neighborhood areas: A 
systematic review. IEEE Access, 9, 36417–36443.  
https://doi.org/10.1109/access.2021.3061995  
 

7. Fotouhi Ghazvini, M. A., Soares, J., Abrishambaf, O., Castro, R., & Vale, Z. (2017). 
Demand response implementation in smart households. Energy and Buildings, 143, 
129–148. https://doi.org/10.1016/j.enbuild.2017.03.020   
 

8. Hanington, B., & Martin, B. (2012). Universal Methods of Design: 100 Ways to 
Research Complex Problems, Develop Innovative Ideas and Design Effective Solutions. 
Rockport Publishers. 

9. Hevner, A. R., March, S. T., Park, J., & Ram, S. (2004). Design science in information 
systems research. MIS Quarterly, 28(1), 75. https://doi.org/10.2307/25148625 
 



 13 

10. Hossein Motlagh, N., Mohammadrezaei, M., Hunt, J., & Zakeri, B. (2020). Internet of 
things (IoT) and the energy sector. Energies, 13(2), 494.  
https://doi.org/10.3390/en13020494 

11. Hou, X., Wang, J., Huang, T., Wang, T., & Wang, P. (2019). Smart Home Energy 
Management Optimization Method Considering Energy Storage and Electric 
Vehicle. IEEE Access, 7, 144010–144020.  
https://doi.org/10.1109/access.2019.2944878  
 

12. Hu, M., Xiao, J.-W., Cui, S.-C., & Wang, Y.-W. (2018). Distributed real-time demand 
response for energy management scheduling in smart grid. International Journal of 
Electrical Power & Energy Systems, 99, 233–245.  
https://doi.org/10.1016/j.ijepes.2018.01.016  
 

13. Hubert, M., Blut, M., Brock, C., Zhang, R. W., Koch, V., & Riedl, R. (2019). The 
influence of acceptance and adoption drivers on smart home usage. European Journal 
of Marketing, 53(6), 1073–1098. https://doi.org/10.1108/ejm-12-2016-0794  
 

14. Hui, H., Ding, Y., Shi, Q., Li, F., Song, Y., & Yan, J. (2020). 5G network-based Internet 
of Things for demand response in smart grid: A survey on application potential. Applied 
Energy, 257, 113972. https://doi.org/10.1016/j.apenergy.2019.113972  
 

15. Javaid, N., Ullah, I., Akbar, M., Iqbal, Z., Khan, F. A., Alrajeh, N., & Alabed, M. S. 
(2017). An Intelligent Load Management System with Renewable Energy Integration 
for Smart Homes. IEEE Access, 5, 13587–13600.  
https://doi.org/10.1109/access.2017.2715225  
 

16. Jin, X., Baker, K., Christensen, D., & Isley, S. (2017). Foresee: A user-centric home 
energy management system for energy efficiency and demand response. Applied 
Energy, 205, 1583–1595. https://doi.org/10.1016/j.apenergy.2017.08.166   
 

17. Khezri, R., Mahmoudi, A., & Haque, M. H. (2020). Optimal capacity of Solar PV and 
Battery Storage for Australian Grid-Connected Households. IEEE Transactions on 
Industry Applications, 56(5), 5319–5329. https://doi.org/10.1109/tia.2020.2998668  
 

18. Kim, H., Choi, H., Kang, H., An, J., Yeom, S., & Hong, T. (2021). A systematic review 
of the smart energy conservation system: From smart homes to sustainable smart cities. 
Renewable and Sustainable Energy Reviews, 140, 110755.  
https://doi.org/10.1016/j.rser.2021.110755 
 

19. Lin, J., Yu, W., Zhang, N., Yang, X., Zhang, H., & Zhao, W. (2017). A Survey on 
Internet of Things: Architecture, Enabling Technologies, Security and Privacy, and 
Applications. IEEE Internet of Things Journal, 4(5), 1125–1142.  
https://doi.org/10.1109/jiot.2017.2683200 



 14 

20. Lobaccaro, G., Carlucci, S., & Löfström, E. (2016). A Review of Systems and 
Technologies for Smart Homes and Smart Grids. Energies, 9(5), 348.  
https://doi.org/10.3390/en9050348  
 

21. Mahmood, D., Javaid, N., Alrajeh, N., Khan, Z., Qasim, U., Ahmed, I., & Ilahi, M. 
(2016). Realistic Scheduling Mechanism for Smart homes. Energies, 9(3), 202. 
https://doi.org/10.3390/en9030202  
 

22. Merdanoğlu, H., Yakıcı, E., Doğan, O. T., Duran, S., & Karatas, M. (2020). Finding 
optimal schedules in a home energy management system. Electric Power Systems 
Research, 182, 106229. https://doi.org/10.1016/j.epsr.2020.106229   
 

23. Nizami, M. S. H., Haque, A. N. M. M., Nguyen, P. H., & Hossain, M. J. (2019). On the 
application of Home Energy Management Systems for power grid support. Energy, 188, 
116104. https://doi.org/10.1016/j.energy.2019.116104  
 

24. Osterwalder, A., Pigneur, Y., Bernarda, G., & Smith, A. (2014). Value Proposition 
Design: How to Create Products and Services Customers Want. Wiley.  
 

25. Paetz, A.-G., Dütschke, E., & Fichtner, W. (2011). Smart Homes as a Means to 
Sustainable Energy Consumption: A Study of Consumer Perceptions. Journal of 
Consumer Policy, 35(1), 23–41. https://doi.org/10.1007/s10603-011-9177-2  
 

26. Park, E.-S., Hwang, B. Y., Ko, K., & Kim, D. (2017). Consumer Acceptance Analysis 
of the Home Energy Management System. Sustainability, 9(12), 2351. 
https://doi.org/10.3390/su9122351  
 

27. Peacock, A. D., Chaney, J., Goldbach, K., Walker, G., Tuohy, P., Santonja, S., Todoli, 
D., & Owens, E. H. (2017). Co-designing the next generation of home energy 
management systems with lead-users. Applied Ergonomics, 60, 194–206. 
https://doi.org/10.1016/j.apergo.2016.11.016 

28. Peffers, K., Tuunanen, T., Rothenberger, M. A., & Chatterjee, S. (2007). A Design 
Science Research Methodology for Information Systems Research. Journal of 
Management Information Systems, 24(3), 45–77. https://doi.org/10.2753/mis0742-
1222240302 

29. Ringel, Laidi, & Djenouri. (2019). Multiple Benefits through Smart Home Energy 
Management Solutions—A Simulation-Based Case Study of a Single-Family-House in 
Algeria and Germany. Energies, 12(8), 1537. https://doi.org/10.3390/en12081537 
 

30. Rogers, E. M. (2003). Diffusion of Innovation. The Free Press.   
 



 15 

31. Rogers, E. M., & Shoemaker, F. F. (1971). Communication of Innovations: A Cross-
Cultural Approach. The Free Press. 

32. Sanguinetti, A., Karlin, B., & Ford, R. (2018). Understanding the path to smart home 
adoption: Segmenting and describing consumers across the innovation-decision 
process. Energy Research & Social Science, 46, 274–283.  
https://doi.org/10.1016/j.erss.2018.08.002 

33. Shakeri, M., Shayestegan, M., Abunima, H., Reza, S. M. S., Akhtaruzzaman, M., 
Alamoud, A. R. M., Sopian, K., & Amin, N. (2017). An intelligent system architecture 
in home energy management systems (HEMS) for efficient demand response in smart 
grid. Energy and Buildings, 138, 154–164.  
https://doi.org/10.1016/j.enbuild.2016.12.026 

34. Sharda, S., Singh, M., & Sharma, K. (2021). Demand side management through load 
shifting in IoT based HEMS: Overview, challenges and opportunities. Sustainable 
Cities and Society, 65, 102517. https://doi.org/10.1016/j.scs.2020.102517   
 

35. Shareef, H., Ahmed, M. S., Mohamed, A., & Al Hassan, E. (2018). Review on Home 
Energy Management System Considering Demand Responses, Smart Technologies, and 
Intelligent Controllers. IEEE Access, 6, 24498–24509.  
https://doi.org/10.1109/access.2018.2831917  
 

36. Siano, P., Graditi, G., Atrigna, M., & Piccolo, A. (2013). Designing and testing decision 
support and energy management systems for smart homes. Journal of Ambient 
Intelligence and Humanized Computing, 4(6), 651–661.  
https://doi.org/10.1007/s12652-013-0176-9 

37. TenneT (2023). Rapport Monitoring Leveringszekerheid 2022 (2025 – 2030). 
https://tennet-drupal.s3.eu-central-1.amazonaws.com/default/2023-
01/Monitoring%20Leveringszekerheid%202022_12JAN2023.pdf 

38. Tostado-Véliz, M., Arévalo, P., Kamel, S., Zawbaa, H. M., & Jurado, F. (2022). Home 
energy management system considering effective demand response strategies and 
uncertainties. Energy Reports, 8, 5256–5271.  
https://doi.org/10.1016/j.egyr.2022.04.006 

39. Venkatesh, V., & Davis, F. D. (1996). A Model of the Antecedents of Perceived Ease 
of Use: Development and Test. Decision Sciences, 27(3), 451–481.  
https://doi.org/10.1111/j.1540-5915.1996.tb00860.x 

 

 



 16 

40. Vom Brocke, J., Winter, R., Hevner, A., & Maedche, A. (2020). Special issue editorial 
– accumulation and evolution of design knowledge in design science research: A 
journey through time and space. Journal of the Association for Information Systems, 
21(3), 520–544. https://doi.org/10.17705/1jais.00611  
 

41. Wang, S., Sun, Z. & Liu, Z. (2015).  Co-scheduling strategy of home energy for smart 
power utilisation. doi: 10.7500/AEPS20140625016 

42. Wang, Z., Munawar, U., & Paranjape, R. (2021). Stochastic Optimization for 
Residential Demand Response with Unit Commitment and Time of Use. IEEE 
Transactions on Industry Applications, 57(2), 1767–1778.  
https://doi.org/10.1109/tia.2020.3048643  
 

43. Whittle, C., Jones, C. R., & While, A. (2020). Empowering householders: Identifying 
predictors of intentions to use a home energy management system in the United 
Kingdom. Energy Policy, 139, 111343. https://doi.org/10.1016/j.enpol.2020.111343 

 
44. Wieringa, R. J. (2014). Design science methodology: For information systems and 

software engineering. Springer.  
 

45. Yao, L., Lai, C.-C., & Lim, W. H. (2015). Home Energy Management System based on 
Photovoltaic System. 2015 IEEE International Conference on Data Science and Data 
Intensive Systems. https://doi.org/10.1109/dsdis.2015.42   
 

46. Yoon, J. H., Baldick, R., & Novoselac, A. (2014). Dynamic Demand Response 
Controller Based on Real-Time Retail Price for Residential Buildings. IEEE 
Transactions on Smart Grid, 5(1), 121–129. https://doi.org/10.1109/tsg.2013.2264970  
 

47. Zhao, X., Gao, W., Qian, F., & Ge, J. (2021). Electricity cost comparison of dynamic 
pricing model based on load forecasting in home energy management 
system. Energy, 229, 120538. https://doi.org/10.1016/j.energy.2021.120538   
 

48. Zhou, B., Li, W., Chan, K. W., Cao, Y., Kuang, Y., Liu, X., & Wang, X. (2016). Smart 
Home Energy Management Systems: Concept, configurations, and scheduling 
strategies. Renewable and Sustainable Energy Reviews, 61, 30–40. 
https://doi.org/10.1016/j.rser.2016.03.047 

 


