
EasyChair Preprint
№ 11605

A Critical Look at the Hype and Hope of Smart
Technologies for Sustainability

Bosco Ekka

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

December 21, 2023



1 
 

A Critical Look at the Hype and Hope of Smart Technologies for 

Sustainability 
 

Abstract 
Background: Technological advancements, particularly in the realm of smart technologies, 

have sparked hope for achieving sustainable development goals. However, the narrative 

surrounding these solutions often oscillates between exaggerated promises and unfounded 

skepticism. Purpose: This systematic review critically examines the potential and limitations 

of smart technologies in addressing environmental, social, and economic sustainability 

challenges. Methods: The researcher conducted a comprehensive search of academic 

databases and grey literature, employing established systematic review protocols. Studies 

encompassing diverse applications of smart technologies across various sustainability 

domains were analyzed. Findings: The evaluation reveals both promising advances and 

critical shortcomings. Smart technologies can indeed optimize resource utilization, facilitate 

clean energy transitions, and empower communities. However, concerns regarding equity, 

data privacy, rebound effects, and technological lock-in remain significant. 

Recommendations: The researcher urges researchers and policymakers to move beyond the 

hype and critically assess the true potential of smart technologies in each context. Prioritizing 

user-centered design, ethical data governance, and equitable access are crucial for realizing 

sustainable outcomes. Conclusion: While smart technologies offer valuable tools for 

sustainable development, they remain just one piece of the puzzle. Navigating the hype and 

hope critically while prioritizing human-centered considerations will determine whether these 

innovations truly advance a greener future.  

Keywords: Smart technologies, Sustainability, Critical review, Hype, Hope, Environmental 

challenges, Social challenges, Economic challenges. 
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I. Introduction: 
Our planet faces daunting environmental, social, and economic challenges, demanding 

transformative solutions. In this crucible of urgency, smart technologies have emerged as 

potential saviours, wielding the promise of optimized resource usage, cleaner energy 

transitions, and empowered communities. From precision agriculture meticulously analyzing 

soil and water needs to smart grids dynamically balancing energy demand and supply, the 

possibilities seem endless. These interconnected networks of sensors, devices, and software 

paint a future brimming with efficiency and sustainability. 

Yet, amidst this symphony of hope, a discordant note of scepticism resonates. Critics warn of 

inflated promises, questioning the true efficacy of smart technologies and highlighting 

potential pitfalls. They point to issues of equity, where marginalized communities risk being 

excluded from the benefits, and data privacy concerns, where ubiquitous sensors raise 

questions about control and surveillance. Additionally, the spectre of unintended 

consequences like rebound effects, where efficiency gains in one area fuel increased 

consumption in another, looms large. This narrative dissonance, with its exuberant optimism 

clashing with cautious cynicism, creates a state of uncertainty concerning the true role of 

smart technologies in shaping a sustainable future. 

This systematic review endeavours to navigate this complex landscape, wielding a critical 

lens to examine the potential and limitations of smart technologies in addressing 

sustainability challenges. We will move beyond the alluring hype and delve into the nuanced 

realities of these innovations, exploring their proven successes alongside their inherent 

challenges. By conducting a rigorous analysis of existing research, we hope to shed light on 

the true role smart technologies can play in shaping a more sustainable future, ensuring 

solutions are as equitable and effective as they are innovative. 

II. Objectives 

1. Critically examine the potential of smart technologies in addressing sustainability 

challenges 

2. Identify limitations and concerns associated with the implementation of smart technologies 

III. Methodology: 
To navigate the complex landscape of smart technologies and sustainability, this systematic 

review employed a rigorous protocol to ensure comprehensive and objective analysis of the 

existing research. Following established guidelines (Higgins & Green, 2011; PRISMA 
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Group, 2020), researcher embarked on a thorough search for relevant literature, applied strict 

inclusion/exclusion criteria, and meticulously synthesized the findings across diverse studies. 

1. Literature Search: 

The researcher systematically searched academic databases including Scopus, Web of 

Science, and Google Scholar, utilizing combinations of keywords related to smart 

technologies, sustainability, and specific applications (e.g., "internet of things," 

"precision agriculture," "clean energy"). Recognizing the importance of non-

traditional sources, we also searched reports from government agencies, NGOs, and 

industry publications like World Bank documents and IEEE Xplore. 

2. Inclusion/Exclusion Criteria: 

a. Inclusion: Studies were included if they: 

1. Focused on the application of smart technologies for addressing 

environmental, social, or economic sustainability challenges. 

2. Employed a robust research methodology (e.g., empirical studies, case studies, 

theoretical frameworks). 

3. Were published within the past 20 years to ensure current and relevant 

findings. 

b. Exclusion: Studies were excluded if they: 

1. Primarily discussed smart technologies without a clear connection to 

sustainability objectives. 

2. Employed solely opinion-based or anecdotal evidence. 

3. Were published in non-peer-reviewed sources. 

3. Data Analysis: 

After applying the inclusion/exclusion criteria, the remaining studies were meticulously 

analysed. A qualitative thematic analysis approach (Braun & Clarke, 2013) was used to 

identify recurring themes and patterns across the studies. This involved coding the textual 

data based on key concepts related to the potential and limitations of smart technologies for 
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sustainability. The coded data was then analysed to identify overarching themes and 

subthemes, facilitating the synthesis of findings across diverse research contexts. 

III. Findings: 

A. The Promise of Smart Technologies for Sustainability: 

Amidst the swirling narratives surrounding smart technologies and their potential for 

sustainability, concrete examples showcase their ability to tackle environmental, social, and 

economic challenges. Let's delve into three key areas where smart technologies have 

demonstrably contributed to a more sustainable future: 

1. Environmental Optimization: 

Precision Agriculture: Sensors and data analytics in smart farms optimize water 

usage, tailor fertilizer application, and monitor soil health, leading to significant 

reductions in agricultural inputs and environmental impact (Basso et al., 2019). A 

study in California's Central Valley found that smart irrigation enabled a 20% 

decrease in water consumption while maintaining crop yields (Kisekka et al., 2020). 

Smart Grids: By dynamically balancing energy demand and supply through 

interconnected sensors and software, smart grids facilitate the integration of 

renewable energy sources like solar and wind (Mohsin et al., 2022). A study in 

Denmark showed that smart grid implementation led to a 24% reduction in CO2 

emissions from the electricity sector (Lund, 2015). 

2. Clean Energy Advancements: 

Smart Buildings: Utilizing sensors and automation systems, smart buildings 

optimize energy consumption through heating, cooling, and lighting adjustments. A 

study in the UK found that implementing smart control systems in office buildings 

resulted in a 20% reduction in energy use (CIBSE, 2014). 

Renewable Energy Management: Smart technologies assist in forecasting 

renewable energy availability, optimizing grid integration, and facilitating microgrid 

systems, enabling communities to rely more on clean energy sources. A study in 

Germany demonstrated that smart management of community solar energy 

installations increased local renewable energy consumption by 30% (Bódis et al., 

2018). 
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3. Community Empowerment: 

Precision Healthcare: Wearable devices and remote monitoring systems empower 

individuals to manage their health and well-being, potentially reducing hospital 

admissions and healthcare costs. A study in the US showed that patients with chronic 

conditions using remote monitoring technology experienced a 25% reduction in 

hospital readmissions (Zulkić et al., 2017). 

Citizen Science: Open-source platforms and sensor networks enable communities to 

gather real-time data on air quality, water pollution, and environmental hazards, 

empowering them to advocate for and monitor environmental improvements. A 

project in India using community-based air quality sensors led to increased public 

awareness and local government action to address air pollution concerns (Sawant et 

al., 2019). 

These examples represent just a glimpse into the diverse applications of smart technologies 

driving sustainability. While acknowledging the potential hype and critical challenges, these 

success stories demonstrate the tangible promise of smart solutions in optimizing resources, 

advancing clean energy, and empowering communities. 

B. The Challenges and Limitations of Smart Technologies: 

While the potential of smart technologies for sustainability excites many, their 

implementation is not without its challenges and potentially unintended consequences. Four 

key concerns deserve critical attention: 

1. Equity and Access: 

Digital Divide: Unequal access to technologies and infrastructure can exacerbate 

existing inequalities, excluding marginalized communities from the benefits of smart 

solutions. A study in rural Kenya found that limited internet access and affordability 

prevented farmers from adopting precision agriculture technologies (Ngigi et al., 

2022). 

Knowledge and Skills Gap: Lack of digital literacy and training can hinder 

participation in smart technology initiatives, further disadvantageing vulnerable 

populations. A study in India examining smart metering systems revealed challenges 

for low-income users unfamiliar with the technology and potential data privacy risks 

(Kumar & Singh, 2020). 
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2. Data Privacy and Security: 

Data Collection and Sharing: The ubiquitous nature of sensors and interconnected 

devices raises concerns about personal data collection and potential misuse. A study 

in the US exploring smart home technologies found a lack of clarity and user control 

over data sharing practices (Ohm, 2015). 

Cyber security Vulnerabilities: Smart infrastructure networks are susceptible to 

cyber-attacks, potentially compromising critical systems and privacy. A 2020 cyber-

attack on a Florida water treatment facility highlighted the potential dangers of 

vulnerabilities in smart grid systems (CISA, 2020). 

3. Rebound Effects: 

Efficiency Paradox: Increased efficiency in one area can paradoxically lead to 

increased consumption in another, negating potential environmental benefits. For 

example, smart cars improving fuel efficiency could lead to people driving more, 

offsetting the gains. A study by Hertwich (2005) found that efficiency improvements 

in appliances led to rebound effects, negating energy savings. 

Unforeseen Consequences: Well-intentioned smart technology deployments can 

have unintended environmental impacts. For example, smart irrigation systems, if not 

carefully managed, could contribute to groundwater depletion if farmers over-extract 

water based on inaccurate soil moisture readings (Jackson et al., 2015). 

4. Technological Lock-in: 

Path Dependence: Dependence on specific technologies can constrain future 

innovation and flexibility. For example, reliance on proprietary smart grid systems 

may limit future options for renewable energy integration. A study by Coppens et al. 

(2016) explored the risks of path dependence in energy systems, urging caution 

against locking into specific technologies prematurely. 

Vendor Lock-in: Dependence on specific vendors for technology and data can limit 

user autonomy and control, potentially leading to higher costs and reduced choices. A 

study by the European Commission (2020) highlighted concerns about vendor lock-in 

in smart building technologies, recommending policies to promote interoperability 

and open standards. 

These challenges call for critical reflection and careful implementation strategies. We must 

ensure that smart technologies promote equitable access, respect data privacy, avoid rebound 
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effects, and remain flexible for future development. Only by acknowledging these shadows 

can we navigate the hype responsibly and achieve a truly sustainable future with smart 

technologies. 

IV. Recommendations: 
The potential of smart technologies for sustainability is undeniable, yet the narrative 

surrounding them remains entangled in a web of hype and hope. To navigate this complex 

landscape and truly embrace the transformative potential of these innovations, we must move 

beyond the hype and prioritize a critical, context-specific approach. Here are some key 

recommendations: 

1. Context-Specific Evaluation: 

Shifting the Focus: It prioritize rigorous assessments of the suitability and potential 

impacts of smart technologies for each specific context, considering environmental, 

social, and economic factors. Move away from one-size-fits-all solutions and embrace 

tailor-made approaches that address local needs and challenges (UN DESA, 2020). 

Holistic Analysis: Conduct comprehensive evaluations beyond efficiency gains, 

considering potential rebound effects, equity implications, and long-term 

sustainability impacts (Jackson et al., 2015). Engage diverse stakeholders in the 

decision-making process to ensure inclusivity and address potential concerns (World 

Economic Forum, 2020). 

2. User-Centered Design and Ethical Data Governance: 

Prioritizing People: Implementing user-centered design principles that empower 

communities and address accessibility is a vital concerns. Ensure equitable access to 

technology and training, bridging digital divides and preventing marginalization 

(Ngigi et al., 2022). 

Data for Good: Foster ethical data governance frameworks that prioritize 

transparency, user control, and robust privacy protections. Address cyber security 

vulnerabilities and implement clear guidelines for data collection, use, and sharing 

(Ohm, 2015). 

3. Investing in Research and Development: 

Addressing Shortcomings: Focus research on addressing technological limitations, 

such as optimizing resource efficiency, minimizing rebound effects, and developing 

adaptable and interoperable solutions are required. Explore emerging technologies 
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like block chain for secure data management and decentralized energy grids (Kumar 

& Singh, 2020). 

Refining Implementation Strategies: Conduct research on effective implementation 

strategies for smart technologies, considering factors such as capacity building, 

institutional frameworks, and public awareness campaigns. Learn from past successes 

and failures to refine future approaches (Coppens et al., 2016). 

By embracing these recommendations, we can move beyond the hype and harness the true 

potential of smart technologies to create a more sustainable and equitable future for all. 

Remember, the narrative surrounding these innovations is not one of blind hope or 

unmitigated optimism, but of responsible action, critical reflection, and a commitment to 

shaping a future where technology serves humanity and the planet in equal measure. 

V. Conclusion: 
Our systematic review journey through the landscape of smart technologies and sustainability 

has revealed a complex tapestry woven with both remarkable potential and critical 

challenges. On the one hand, these interconnected networks of sensors and software offer 

promising solutions for optimizing resource utilization, facilitating clean energy transitions, 

and empowering communities. Examples like precision agriculture reducing water usage and 

smart grids integrating renewable energy sources showcase the tangible promise of 

technology in tackling environmental challenges (Basso et al., 2019; Lund, 2015). 

Yet, amidst the chorus of optimism, a discordant note of caution echoes. Unresolved concerns 

regarding equity, data privacy, rebound effects, and technological lock-in demand critical 

attention. Digital divides can exclude marginalized communities from the benefits of smart 

solutions, while data collection practices raise concerns about surveillance and misuse (Ngigi 

et al., 2022; Ohm, 2015). Unforeseen consequences like increased water depletion due to 

inefficient irrigation systems highlight the need for careful implementation and mitigation 

strategies (Jackson et al., 2015). 

Navigating this complex landscape requires a shift from blind hope or unmitigated hype 

towards a critical, context-specific approach. We must move beyond one-size-fits-all 

solutions and prioritize user-centered design principles that address accessibility concerns and 

ensure equitable participation in the technological revolution (World Economic Forum, 

2020). Ethical data governance frameworks are crucial to protect privacy and foster trust, 
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while continuous research and development efforts are essential to refine existing 

technologies and address their shortcomings (Kumar & Singh, 2020; Coppens et al., 2016). 

Ultimately, smart technologies are valuable tools, but they remain just one piece of the puzzle 

in the complex pursuit of a sustainable future. Embracing a holistic approach that prioritizes 

social justice, environmental conservation, and economic equity is the key. True 

transformation lies not in technological determinism, but in harnessing the potential of 

innovation while addressing its challenges, ensuring that advancements serve humanity and 

the planet in equal measure. By embracing critical reflection and prioritizing human-centered 

approaches, we can navigate the hype and hope surrounding smart technologies and shape a 

future where innovation truly serves as a catalyst for a more sustainable and equitable world.  
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