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Abstract:- This paper establishes the contribution of
technological innovations toward sustainable business
growth through Apple and Google and the relationship
between  technological innovation, environmental
sustainability, and social impacts. This research employs
the case-study method to address holistically the
implications of technological innovation on sustainable
business growth, with a focus on the selected firms of
Google and Apple as cases. The research focused on these
tech giants because they are the pioneers who have a
massive influence on technological innovation. The data
for this research were collected from secondary sources,
such as academic articles and industry reports. Through
the application of Critical Literature Review techniques,
this study scrutinizes the impact of Google's and Apple's
innovations as regards the environment, and also social
issues. The study findings show that while it is obvious
that both Apple and Google chose different parts in
achieving sustainable development, both companies have
greatly impacted the tech industry based on the creative
products and services they provide. It was also revealed
that both companies heavily invest a lot in research and
development (R&D). Today, both companies are leaders
in the world of renewable energy usage. Finally, the study
concludes that future emerging technological trends like
Artificial Intelligence, Internet of Things and Blockchain
will keep shaping the space of innovation and
sustainability practices. Therefore, organizations need to
keep up with these trends to be able to address the
challenges that accompany them, such as privacy issues,
regulatory changes, as well as ethical responsibilities.
Keywords:-  Tecnhological  Innovation;  Sustainable
Practices; Google; Apple; Business Strategy

I INTRODUCTION

In the contemporary business landscape, the interplay
between technological advancement and sustainability is
crucial for organizational productivity and longevity.
Technology is, therefore, admitted to act as one of the key
levers towards enhancing sustainable business development
[1]. Social responsibility goes hand in hand with
environmental responsibility as sustainable growth now
transcends to value creation and reduction of impacts on the
environment apart from improving the marketing edge and
profits [2].
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The importance of technology towards sustainable
business development can also be argued in light of
technological advancement towards increased efficiency,
minimization of footprints and development of renewable
energy systems [3]. In addition, it responds to social injustices
and also favours the development of society by
accommodating those who are at the lower end of society [4].
The application of advanced technologies helps to respond to
changing customer needs, acquire a competitive advantage
and advance the brand image [5].

With advancements in technology, companies reach a
crucial crossroads where they must reflect on the impact of
technological advances regarding growth. Currently, Google
and Apple are viewed as forerunners in technological
advancement while the information concerning their role in
environmental sustainability and social responsibility
comparatively speaking is limited at best. Sustainability is a
key facet of information technology. However, there is still a
lack of knowledge comparing similarities and variances in
strategies of how Google and Apple direct organizations
towards sustainable growth and the implications, this study,
therefore, aims to address this research gap by exploring their
role in a stable commercial environment.

This research therefore looked at the contribution of
technological innovation to sustainable business development
and the focus was on Apple and Google. It explored how their
innovations affect Environmental Responsibilities for
Sustainability and Social Responsibility. The research
question that guided the study is: What role do the
technological innovations of Google and Apple play in
achieving environmental sustainability and social impact, and
how do they influence sustainable business development? The
hypothesis posits that technological innovations significantly
enhance sustainable business growth by promoting
environmental sustainability and contributing to social impact.

This study employed the case-study research approach to
examine comprehensively what role technological innovation
plays in sustainable business growth, by focusing on Google
and Apple as examples. The case studies focused on these
tech giants precisely because of their broad influence and
pioneering achievement in technological innovation. Data
were collected from secondary sources, such as academic
articles and industry reports. This paper used qualitative
analysis to extract meaning from the data. Specifically, the
Critical Literature Review method was used to deeply
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understand how Google's and Apple's innovations are related
to environmental sustainability as well as their social impact.

1. SUSTAINABLE INNOVATIONS

The integration of technological innovation within the
context of business sustainability has become a defining factor
for enterprises seeking long-term development. This
intersection, increasingly emphasized by academia and
policymakers, is crucial for businesses aiming to achieve
sustainable growth while balancing economic, environmental,
and social responsibilities [6]. Technological innovation on
the other hand encompasses the generation of new ideas,
products or services as well as improvement on existing ones.
From the perspective of sustainable development, such
innovations are critical to help the enterprises to expand
sustainably, create wealth for their stakeholders, reduce the
negative impacts on the physical environment, and create the
greatest positive impacts for the rest of society [7].

Sustainable business development is the ability of the
enterprise to enhance and transform its activity so that the
questions of its legitimacy, efficiency and further impact on
environment can be solved within the given time perspective.
These comprises of client retention, extending the company’s
operation  territory and providing value through
product/service addition [8]. In addition, it does not
concentrate on the tangible rewards in terms of gross and net
profits along with market share for the business but rather
aims at creating sustainable value for the business along with
moderating the environmental impacts and managing large
social costs [2].

Technology advancement is a key factor to sustainable
business growth. It generates new opportunities, enhances
organizational efficiency, minimizes the impact on
environment and makes organizations ready to address the
emerging issues such as environmental degradation and social
inequalities [3]. For instance, they can shift their energy
consumption to clean energy through the technologies of
renewable energy thus helping to fight climate change [9].
Furthermore, technological advancements also have a positive
impact on social justice in the process since it reduces the
digital divide and provides support to the struggling society
through ideas like digital compulsion and social venture. [4].

As the world advances towards globalization and
consumerism, technology enhances the involvement of
businesses in altering their policies to serve the fluctuating
consumer needs and gain a competitive edge [5]. By
integrating technology, companies also increase their
competitive advantage within a particular market and improve
their brand values by forming a new sustainability image,
which plays a significant role in the consumer decision-
making process [10]. Sustainability’s incorporation into
organizational processes helps build a positive perception and
loyal client base to support sustainable business development.
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Two theories that seem to prop up this relationship
between technological advancement and sustainability are The
Triple Bottom Line by Elkington and the Diffusion of
Innovation Theory by Rogers. [11] stated that Elkington’s
triple bottom line emphasizes both economic profits and
social and environmental responsibilities while noting the
technological approach as pivotal in sustaining the business.
Rogers’ theory outlines how innovations are disseminated
over a period based on the stages that are crucial for firms to
run efficiently. Altogether, these theories form a theoretical
framework that can help to explain how technological
developments enhance the sustainable growth of firms.

Technology in business environments is therefore not
straightforward and the implications in the practical
application of technology in business contexts are numerous.
For example, Apple and Google as industry leaders give a
good example as to how sustainability can be attained through
technological advancement [12], [13]. Therefore, it is seen
that these innovations are not free from some challenges as it
has been said to have high initial invasion cost and also it has
a volatile technological innovation structure that need a
flexible business model etc. [14]. However, for those
companies that will be achieving those goals, this
environment allows to become leaders in the sphere of
sustainable innovation, to gain consumer trust, and to focus on
a long-term profit.

. SUSTAINABLE INNOVATION IN GOOGLE: A

CASE STUDY

Google stands as the technological giant which has
adopted and catalyzed positive change in different ways. The
creation of the PageRank Algorithm in 1998 changed the
entire approach of search engines through giving priority to
the importance and rankings of webpages in making Google
the leading search engine for many years [15]. In addition to
search, Google’s Al and machine learning is featured in
Google Assistant, Google Photos, and the Google Brain
including voice and image recognition as well as natural
language processing [16].

In the domain of cloud computing, Google Cloud
Platform or GCP is an extensive solution with AWS and
Azure as the major competitors presenting scalable
infrastructure and focusing on sustainability by using
renewable energy sources at the data centers [17]. Google's
self-driving car project, Waymo, exemplifies its commitment
to innovation in transportation, with significant progress in
autonomous vehicle technology. Furthermore, Google’s entry
into the Internet of Things (IoT) market with the Nest
Learning Thermostat as well as Android Things platform
signify Google’s presence in the smart technology and IoT
markets [19]. Google is also active in health where it operates
in such areas as the DeepMind Health and its applications in
the healthcare system and in discovering of drugs [20], [21].
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» Google’s Approach to Technological Innovation and
Sustainability

Google’s strategy of technological advancement is
closely connected to sustainability, making the company as a
standard bearer of a progressive and eco-sensitive society. A
key component of Google’s innovation management is the
famous “20 percent time”, that allows workers to engage in
personal interest projects, and the creation of a culture that has
huge successes [22]. Sustainability is evidenced in a number
of initiatives like Google’s neutrality on carbon emission and
massive funding in renewable sources of power [23]. It is
evidenced by its strategy to deliver continuous round-the-
clock zero carbon energy by the 2030s[24], [25] relating to
the fight against climate change.

Google’s technological advancements goes beyond the
conventional application like, Artificial Intelligence and
Machine Learning which have influences in the fields of
health, farming and linked with environmentalism [26]. It also
shows a committed collaboration with academic institutions
and partners in the form of joint projects focused on the
confrontation of the world’s sustainability issues [27], [28].

Also, Google effort also focuses on the consumers that
have disabilities, through various Assistive Technology, for
making products more readily available to the disables [29].
This includes efforts like Google Cardboard which help make
virtual reality more accessible hence playing a role in
addressing digital divide [13]. However, despite such
initiatives, issues to do with privacy, data protection and the
ethics of Al continue to raise concerns for more discussions
[31]. However, one cannot shake off the thought that with
increasing monopoly Google poses new threats not only to
competition, but to the innovation sphere as well. These
experiences together with the unmet needs of underserved
populations and the call for properly standardized Al in
healthcare shed light to issues deserving attention.

» Renewable Energy Initiatives and Supply Chain
Sustainability

Google’s sustainability includes renewable energy both
as a product/promoter and supplier through supply chains.
The company has achieved 100% renewable energy capacity,
equating its consumption to production from renewable
sources, thereby supporting its carbon emission reduction
goals [32]. In 2019, Google executed its largest renewable
energy project, securing 1600 megawatts of wind and solar
power, which not only diversifies its energy portfolio but also
drives innovation in clean energy technologies, reducing costs
[33].

In addition to renewable energy, Google promotes
supply chain sustainability by collaborating with suppliers to
transition to renewable energy and reduce carbon footprints.
These efforts ripple through the business ecosystem,
encouraging broader adoption of sustainable practices [34].
Google’s use of digital and analytics tools, such as Ren
Energy and Google Cloud, helps optimize supply chain
sustainability, enhancing energy efficiency and reducing
environmental  impact  [35].  Google’s  transparent
communication and commitment to corporate social
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responsibility further solidify its role as a leader in
sustainability, influencing policies and practices across the
global business community [36].

» Impact of Google’s Environmental Initiatives on Business
Growth

Google’s environmental initiatives have significantly
influenced its business growth, merging sustainability with
profitability goals. The incorporation of environmental
responsibility as a strategy has taken Google to leadership in
the market front as a source of innovation, effectiveness, and
cost efficiency [37]. The goals and objectives of Google into
environmental strategy are also evident with the general
commitment to the environment, particularly through the
objective of creating the elimination of greenhouse gas
emissions within the business value systems and all its
production and operation value networks [38]. However, this
goal is challenging especially when taken into consideration
the scale of Google’s operations and the multiple and diverse
supply chains in the world.

Nevertheless, Google’s efforts have placed it at the
forefront of corporate sustainability hence boosting the
confidence of its stakeholders [39]. The drive for new designs
also emerged thus forcing the company to invest more in
renewable energy technologies [40]. Google’s investments in
clean energy projects bring fresh sources of revenues and thus
strengthen the company’s position as a key market participant
in the sphere of clean energy sources [41].

In addition, another factor proving that Google’s
sustainable development initiatives are helpful in maintaining
a competitive advantage is that people and investors with high
levels of sustainability consciousness are drawn to sustainable
service providers. There s evidence that corporate
sustainability strategy has boosted the company’s brand
image, enabled the implementation of high-quality pricing
strategies, and attracted high-quality employees to the
company, which all contributes to the future growth of the
business [43]. All these efforts put together enhance the
market standing of Google so as to guarantee its future
profitable development.

(AVA SUSTAINABLE INNOVATION IN APPLE: A
CASE STUDY

Technological innovation is a core determinant of
competitive advantage which Apple has demonstrated through
its commitment to use hardware, software and services
synergy [44]. Some of the historic moments in the company
includes the Macintosh in 1984, the iPod in 2001 and the
iPhone in 2007 for change in the consumer electronics market.
Each product set new industry standards and reshaped
consumer behaviours, solidifying Apple's role as a leader in
technology [45]. The iPhone, with its touchscreen interface
and App Store ecosystem, particularly disrupted the mobile
phone market, establishing new benchmarks for smartphones
[46].
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Apple’s innovation extends to the iPad in 2010 and the
Apple Watch in 2015, further demonstrating its commitment
to exploring new product categories and expanding its
ecosystem. The iPad introduced a new form of computing,
bridging the gap between laptops and smartphones, while the
Apple Watch catered to the growing demand for wearable
technology, integrating health tracking and app functionality
[47]. However, critics argue that Apple's closed ecosystem
strategy, while fostering seamless integration, may limit
interoperability and stifle innovation outside its ecosystem
[48].

Moreover, Apple's emphasis on user experience, design
aesthetics, and ecosystem integration has been pivotal in
building customer loyalty [49]. However, according to some
scholars, long-term trends can lead to the fact that
repairability and customization are hampered in favor of the
more esthetic aesthetic forms [50]. Lastly, the debates as to
whether Apple is abusing its control over the App Store and
possible anticompetitive behavior practices suggest that the
company's innovation strategy, while successful, warrants
critical examination [51].

» Apple’s Approach to Technological Innovation and
Sustainability

Analysis of Apple’s strategy in the way it adopts
technology to enhance its operations and embrace
sustainability shows that business strategies have various
linkages with corporate goals, stakeholder demands, and
environmentalism. Tim Cook remains categorically clear that
the mission of Apple has not changed, which is to create
products that positively impact people’s lives while at the
same time preserving the environment [52]. The company has
succeeded in cutting greenhouse gases through sourcing
renewable electricity to its offices and its supply chain,
however skeptics claims that these measures may just be a
mere Public Relation exercise [53].

Apple has adopted a sustainability concept in its
operations, the supplier responsibility program that embraces
labour and environmental laws [53]. However, labour
violations and environmental pollution in the supply chain
reveal ongoing challenges in sourcing sustainably and
ethically [51]. Apple’s design process integrates
sustainability, using recycled materials like aluminium in the
MacBook Air and Mac mini to reduce carbon footprints.
Nevertheless, concerns about the use of non-renewable
resources persist [55].

Furthermore, Apple’s Supplier Environmental Program
encourages renewable energy use in manufacturing, but
environmental impact remains a concern in regions with weak
regulations [48]. While Apple emphasizes energy efficiency
during the product use phase, critics argue that planned
obsolescence and limited repairability contribute to increased
electronic waste [56]. Apple’s efforts in device recycling and
end-of-life management are significant, yet challenges in
ensuring responsible e-waste disposal continue to surface
[57].
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» Renewable Energy Initiatives and Supply Chain
Sustainability

Apple's renewable energy initiatives serve as the
cornerstone of its sustainability strategy, showcasing the
company's intent to reduce its carbon footprint. Significant
investments in solar and wind power underscore Apple's
commitment to minimizing fossil fuel reliance [53]. The
Maiden, North Carolina data centre exemplifies this
commitment, being powered by solar panels and biogas fuel
cells [58]. Alongside renewable energy, Apple has focused on
energy efficiency across its operations, implementing energy-
saving technologies and buildings [58]. However, critics
argue that these efforts may not fully offset the environmental
impact of Apple's growing global presence (Chen, 2023).
Apple's ambition to achieve carbon neutrality by 2030 is
marked by investments in renewable energy, energy
efficiency, and carbon offset projects (Chen, 2023). While
these goals are commendable, scepticism remains regarding
the feasibility of achieving these targets given the complexity
of Apple's global supply chains (Granatstein & Peck, 2017).

In terms of supply chain sustainability, Apple
emphasizes responsible sourcing of materials, especially
minerals such as tin, tantalum, tungsten, and gold. Initiatives
like the Responsible Minerals Initiative help track and ensure
compliance with social and environmental standards
(Permutable, 2024). Despite these efforts, issues such as child
labour and human rights violations persist in regions with
weak oversight (Xing, 2023). Additionally, Apple's recycling
and waste reduction initiatives, including the Material
Recovery Lab, aim to create a closed-loop supply chain.
However, concerns about the limitations of these programs
and the proprietary nature of Apple's hardware remain
(Cowling & Birt, 2018).

» Impact of Apple’s Environmental Initiatives on Business
Growth

Apple's environmental initiatives have had a profound
impact on its business growth, particularly in terms of brand
reputation, consumer perception, market positioning, and
financial implications. These initiatives have significantly
enhanced Apple's brand reputation, positioning the company
as a leader in sustainability. While outlining its strategic goals,
Tim Cook, Apple’s CEO, stated that one of them is
environmental management, which has further strengthened
Apple’s brand as a corporation that complies with social
responsibilities (Apple, 2021). This perception has been well
received by consumers most of whom consider environmental
impacts when making their purchase (Apple, 2023a).
Nevertheless, some concerns have been raised regarding the
specifics and sincerity of Apple’s dedication to the principle.
Critics have accorded that the company relies on renewable
energy and recycling programs to invest in its brand than
dealing with serious environmental problems such as e-waste
and its supply chain pollution (Cahill, 2018). Such scepticism
provokes doubts not only to the firm’s environmental
engagement and the real commitment of Apple but also to
admit whether the company is genuinely involved in
environmental initiatives or whether there are some other
reasons behind it.
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Apple’s strategy of sustainability has also influenced
perception and utilization among customers. The specificity of
the company’s sustainable energy sources and supply chain
policy, as well as the reduction of the company’s waste, are
appealing to consumers’ environmentalism in the market, thus
enhancing loyalty. However, a number of consumers are still
sceptical, pointing to dubious green schemes criticizing
Apple’s environmental conservation measures as glossy PR
stunts meant to create a positive image that does not influence
the company in any significant way [59]. This scepticism
highlights the importance of credibility in corporate
sustainability efforts, as consumers increasingly demand
transparency and authenticity from brands like Apple.

In terms of market positioning, Apple's environmental
initiatives have provided a competitive advantage by
appealing to environmentally conscious consumers.
Emphasizing the environmental benefits of its products has
differentiated Apple in a crowded market, compelling
competitors to enhance their sustainability efforts [60].
However, as consumer expectations for corporate
environmental responsibility grow, Apple faces the challenge
of continuously improving its sustainability performance to
maintain its competitive edge [61].

Financially, Apple's sustainability efforts present both
opportunities and challenges. Investments in renewable
energy and energy-efficient technologies are expected to
reduce operational costs and enhance long-term financial
viability [63]. However, the upfront costs of these initiatives
and the uncertainty surrounding their long-term financial
impact pose significant challenges [64]. Moreover, while
Apple's sustainability initiatives have the potential to drive
revenue growth by attracting environmentally conscious
consumers, it is crucial to critically assess the extent to which
these initiatives alone can sustain long-term financial
performance. Also, the company embraces sustainability,
whereby it serves a vital risk management tool to help in
minimizing risks in the regulatory, reputational, and supply
chain fronts that gives the company leverage in a volatile
market.

V. COMPARATIVE ANALYSIS

» Comparative Assessment of Technological Innovation in
Google and Apple

Google and Apple are two of the most influential
technology companies globally, each employing distinct yet
highly effective approaches to innovation. Google's "20%
time" policy exemplifies its commitment to fostering
creativity among its employees, allowing them to dedicate a
portion of their working hours to personal projects. This has
created many radical inventions like Google Maps, Gmalil,
Android Operating System among others largely
revolutionizing navigation, communications and interaction
with technology respectively [65]. On the other hand, Apple
has set its innovation strategy on the platform, where
integrating the hardware and software where iPad, iPhone
Macs, and other products provide beautiful experiences for
the user [67].
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Another emphasis made by Google in terms of
technology is based on artificial intelligence (Al) and machine
learning (ML), for instance, Google Assistant and Google
Photos. These innovations are made possible by Big data and
Google has been able to demonstrate its ability in designing
and evolving data centric experiences [67]. On the other hand,
Apple has positioned itself in mobile computing whereby the
App Store totally changed the way software applications are
distributed and financially remunerated. Moreover, the usage
of M1 chips in Macs shows Apple’s effort to develop its
product’s performance and increase functionality.

The organisational cultures of Google and Apple
exemplify the strategic differences between the two
contemporary giants of the digital era in their strategy towards
innovation. Google has a strong corporate culture, where
employees are rather free and have a lot of independence; for
instance, the “20% time’ policy means that people can work
on innovative concepts and take risks. This culture has seen
the firm produce several innovative products such as Gmail,
Google Maps, and Google Photos [65]. However, the
innovation culture in Apple is highly introverted and top-
down while most of the decisions are made at the
organizational apex. Developed based on the beliefs of
Apple’s founder, Steve Jobs, it implies the focus on the fine
points of product design, which makes the firm’s innovation
process especially intensely design-oriented, with a strong
focus on the user perspective [44].

To sustain their competitiveness both firms allocate a
significant number of their resources towards the
enhancement of research and development (R&D), although
the approaches vary. Alphabet Inc., the parent company of
Google has spent more than $26 billion in research and
development in 2021 encompassing artificial intelligence,
cloud services and self-driving car technology. Apple invested
about $20 billion in R&D throughout the same year, with
resources targeted at improving the configurations of the steel,
the systems behind its software, and incorporating AR and VR
technologies in its products [68]. The detailed differentiation
between the two giants can be drawn as follows: While
Google is actively investing in external opportunities through
Google Ventures, Apple has served as a company that
constantly utilizes the opportunities of acquisitions to expand
internally with the help of rendering the expertise and
technologies of smaller companies [69].

Intellectual property (IP) management is another factor
that sets Google and Apple apart. Google organization is open
to an IP infrastructure that fosters collaboration and
innovation, and such strategies as the Open Invention
Network (OIN) and the Android Open Source project
(AOSP). This approach promotes differentiation and novelty
in the mobile industry. On the other hand, Apple continues to
employ a more restrictive IP management approach and a
rather more sealed system. The company invests heavily in
patent acquisition to protect its innovations and ensure a
seamless user experience across its ecosystem [70].
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» Sustainability Initiatives Overview: A Comparative
Analysis of Google and Apple

Google and Apple, as leading technology companies,
have initiated comprehensive sustainability programs to
minimize their environmental footprint and uphold corporate
responsibility. Despite their shared commitment to
sustainability, their approaches reveal significant distinctions
in their focus areas. Key aspects such as renewable energy,
supply chain sustainability, and waste reduction highlight both
the similarities and divergences in their strategies.

» Renewable Energy Efforts

Google has made substantial investments in renewable
energy, aiming to meet its entire energy demand from
renewable sources. The company has signed long-term
agreements to purchase clean energy from wind and solar
projects, reducing its carbon footprint and fostering the
development of clean energy infrastructure. Additionally,
Google leverages advanced technologies, including artificial
intelligence, to enhance energy efficiency in its data centres
and facilities. Conversely, Apple’s sustainability strategy is
deeply rooted in renewable energy utilization, with 100% of
its global operations powered by renewable energy, including
data centres, offices, and retail stores [55]. Apple has also
invested in solar and wind energy projects and energy storage
solutions to further reduce its reliance on fossil fuels and
mitigate climate change impacts [55].

» Supply Chain Sustainability

Google and Apple have implemented policies that help
promote sustainability within the supply chain and manage
sources that are ethical and environmentally friendly. Google
engages its suppliers in partnership to help minimize energy
consumption, greenhouse emissions, and waste in
manufacturing processes and logistics [27]. Conflict-free
material and other Socially Responsible material management
also exist to ensure that the company conducts responsible
sourcing of its hardware products. In a similar regard and
vein, Apple has set high compliance policies for its suppliers
who undergo periodic audits and assessments through a set of
environmental impact standards set by the company (Apple,
2023b). Apple works with suppliers to respond to
environmental and social issues such as greenhouse gas
emissions, water use, labour rights, and labour safety [53].

» Waste Reduction Strategies

Both firms have developed waste minimization
procedures with prominence on electronic product recycling.
Google offers recycling programs for hardware products,
encouraging customers to return and recycle old devices. The
company also emphasizes product design for longevity and
repairability to extend product lifespans and reduce e-waste.
Apple, on the other hand, integrates waste reduction into its
product design innovations, materials recycling schemes, and
circular economy principles. Apple’s recycling programs
include advanced technologies for recovering and reusing
aluminium, cobalt, and rare earth metals from old products
[13]. The company also aims to transition to a closed-loop
supply chain by using recycled or renewable materials,
thereby minimizing its environmental impact [13].
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» Corporate Social Responsibility (CSR) Practices

Google and Apple’s CSR initiatives are integrated into
their policy frameworks but differ in execution. Google’s
philanthropic arm, Google.org, focuses on education,
economic development, and technology access, particularly in
underserved communities [42]. Apple’s philanthropic efforts,
primarily through the Apple Giving program, emphasize
education, environmental conservation, and social justice,
with significant contributions to STEM education and disaster
relief [53]. Both companies have aligned their CSR practices
with their business strategies, enhancing their brand reputation
and fostering customer loyalty, market share growth, and
revenue increases.

> Environmental Impact Assessment

Both Google and Apple operate large-scale facilities,
including data centres, that consume significant energy and
contribute to environmental impacts. Google has maintained
carbon neutrality since 2007, while Apple aims to achieve
carbon neutrality across its entire supply chain by 2030. Both
companies are committed to reducing their environmental
footprints through energy-saving designs, the use of recycled
materials, and customer recycling programs [25], [53].
Despite differing emphases Google on operational energy
reduction and Apple on product design and materials their
sustainability strategies reflect a shared dedication to
environmental stewardship.

» Stakeholder Engagement and Transparency

The transparency of the stakeholder and their
engagement are critical fundamentals of the sustainability
undertakings of the two entities. Google’s culture promotes a
decentralised, participative system whereas Apple follows a
formal system involving suppliers, shareholders, and
advocacy groups through formal channels [25], [53]. Google
and Apple have embraced the practice of sustainability
reporting, therefore they both release sustainability reports
annually [25], [53].

VI SUMMARY OF RESULTS AND FINDINGS

The assessment of Google and Apple's sustainable
initiatives and technology innovations reveals significant
informative outcomes, clearly showing how these tech giants
approach technological innovations and sustainability. This
assessment covers different areas of focus, including
innovation culture, product innovation, R&D investment,
intellectual property management, sustainability initiatives,
corporate social responsibility (CSR) practice, stakeholder
engagement, competitive landscape, market positioning, and
emerging trends this overview represents the critical findings
across different dimensions.

> Technological Innovation Culture

Cultures of Technological Innovation of Google and
Apple have facilitated these two organizations to be among
the most successful in the technology sector. Google has
managed to develop new significant fields like cloud
computing, Artificial Intelligence, and data analytics that are
evident in the Google Cloud Platform and self-driving
technology through Waymo. In the same way, ecosystem
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integration and unique and seamless user experience have

been Apple’s innovations to bring out fantastic products like
the iPhone and Apple Watch [37].

Google operating under the open idea and use of the
open-source strategy, Apple being a closed system. Also, in
sustainability aspect, Google has been able to offset all its
operations to be carbon neutral while Apple focuses on
emissions cuts and creating products from recycled materials.
Moreover, both companies also have a good record on
corporate social responsibility (CSR) as displayed by charity
and social contributions, adding to the advantage as tech
firms.

» Implications of Technological Innovation for Business
and Industry

Comparing Google and Apple, it can be seen that the
two technology giants have different strategies regarding
technology and sustainability. Apple’s closed integration
focuses on users while experience, and Google’s open
integration focuses on innovation and an enormous
technology community. While developing such open
platforms for the public use, Google faces some issue like the
issue of patents, the issue of piracy and the issue of data
privacy. On the other hand, Apple has adopted a closed
approach where it controls interfaces between software,
hardware and services which has produced innovations such
as iPhone and MacBook but has experienced criticism for
being rigid.

Although Google has successfully eliminated carbon
emissions a couple of years ago and is serious about resource
management, it continues to feel considerable pressure over
data centre electricity use. On the other, Apple, which is
aspiring to achieve carbon neutrality by 2030, pays attention
to renewable energy powering its operations and recycling of
its products while it struggles with the emissions from its
supply chain as well as ethical labour practices. Google has
led open innovation with the participation of other industries,
however, it sparks the problem of monopolization, on the
other hand, Apple’s closed model has set up standards for
design and easy usability, but experiences antitrust issues.

As noted in Intellectual Property management, Google’s
open source promotes competition and innovation though it
has some concerns on security. On the other hand, the IP
strategy operated by the Apple leads into differentiation and
monopoly at the same time it sparks an anti- trust action

VII. CONCLUSION

The case-study research uses a qualitative analysis of
secondary data on the innovation strategies and sustainability
practices of Google and Apple. Comparing and contrasting
the manner in which the two company’s technology
influences sustainability for business development; it is seen
that Google has embraced the use of open source, while Apple
has confined its sources closed. This study shows that both
firms are proactive in terms of combating carbon footprint,
supporting renewable sources of energy and discharging
corporate social responsibilities. Therefore, it can be
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concluded that technological innovation is a major part of
these tech giants and plays a vital role in sustainable business
development. However, while the findings of this study are
worthwhile, the limitations of using only secondary data
reveal a gap for future studies that could involve the use of
primary data collection for a richer data set. Also, new
technologies such as Al, 10Ts, and Blockchain will keep
influencing the development of innovation and sustainability
policies; hence, there is a need for more research to be done
on the impacts of these technologies on the environment and
society.

REFERENCES

[1]. M. N. Alraja, R. Imran, B. M. Khashab, and M. Shah,
“Technological Innovation, Sustainable Green Practices
and SMEs Sustainable Performance in Times of Crisis
(COVID-19 pandemic),” Inf. Syst. Front., vol. 24, no. 4,
pp. 1081-1105, Aug. 2022, doi: 10.1007/s10796-022-
10250-z.

[2]. A. Spiliakos, “WHAT DOES ‘SUSTAINABILITY’
MEAN IN BUSINESS?,” Harvard Business School,
2018. https://online.hbs.edu/blog/post/what-is-
sustainability-in-business (accessed Dec. 19, 2023).

[3]. A. Omri, “Technological innovation and sustainable
development : Does the stage of development matter?,”
Environ. Impact Assess. Rev., vol. 83, p. 106398, Jul.
2020, doi: 10.1016/j.eiar.2020.106398.

[4]. C. K. Sanders and E. Scanlon, “The Digital Divide Is a
Human Rights Issue: Advancing Social Inclusion
Through Social Work Advocacy,” J. Hum. Rights Soc.
Work, vol. 6, no. 2, pp. 130-143, Jun. 2021, doi:
10.1007/s41134-020-00147-9.

[5]. P. Wang, Z. Zhang, Y. Zeng, S. Yang, and X. Tang,
“The Effect of Technology Innovation on Corporate
Sustainability in  Chinese  Renewable  Energy
Companies,” Front. Energy Res., vol. 9, Apr. 2021, doi:
10.3389/fenrg.2021.638459.

[6]. M. Al-Emran and C. Griffy-Brown, “The role of
technology adoption in sustainable development:
Overview, opportunities, challenges, and future research
agendas,” Technol. Soc., vol. 73, p. 102240, May 2023,
doi: 10.1016/j.techsoc.2023.102240.

[7]. D. Xiao and J. Su, “Role of Technological Innovation in
Achieving Social and Environmental Sustainability:
Mediating Roles of Organizational Innovation and
Digital Entrepreneurship,” Front. Public Heal., vol. 10,
Mar. 2022, doi: 10.3389/fpubh.2022.850172.

[8]. S. F.Dieffenbacher, “Value Creation Meaning, Model &
Examples in Business | Guide,” Digital Leadership,
2023. https://digitalleadership.com/blog/value-creation/
(accessed Dec. 18, 2023).

[9]. A.-S. Khan Pathan, “Technological advancements and
innovations are often detrimental for concerned
technology companies,” Int. J. Comput. Appl., vol. 40,
no. 4, pp. 189-191, Oct. 2018, doi:
10.1080/1206212X.2018.1515412.

WWW.ijisrt.com 565


https://doi.org/10.38124/ijisrt/IJISRT24SEP464
http://www.ijisrt.com/

Volume 9, Issue 9, September — 2024
ISSN No:-2456-2165

[10]. P. Capozucca, “Using sustainability to drive business
innovation and growth,” Deloitte Insight, 2012.
https://wwwz2.deloitte.com/us/en/insights/deloitte-
review/issue-10/sustainability-2-0-innovation-and-
growth-through-sustainability.html (accessed Mar. 13,
2024).

[11].J. A. Luft, S. Jeong, R. Idsardi, and G. Gardner,
“Literature Reviews, Theoretical Frameworks, and
Conceptual Frameworks: An Introduction for New
Biology Education Researchers,” CBE—Life Sci.
Educ., vol. 21, no. 3, Sep. 2022, doi: 10.1187/cbe.21-
05-0134.

[12]. Google,  “Circular  economy,”
https://sustainability.google/operating-
sustainably/circular-economy/  (accessed Dec. 20,
2023).

[13]. Apple, “A first for Apple. A major step toward 2030,”
Apple, 2023. https://www.apple.com/environment/
(accessed Dec. 20, 2023).

[14]. P. Ekins and D. Zenghelis, “The costs and benefits of
environmental sustainability,” Sustain. Sci., vol. 16, no.
3, pp. 949-965, May 2021, doi: 10.1007/s11625-021-
00910-5.

[15]. [15] S. Brin and L. Page, “The anatomy of a
large-scale hypertextual Web search engine,” Comput.
Networks ISDN Syst., vol. 30, no. 1-7, pp. 107-117,
Apr. 1998, doi: 10.1016/S0169-7552(98)00110-X.

[16]. [16] R. Hespell, “Our 10 biggest Al moments so
far,” Google, 2023.
https://blog.google/technology/ai/google-ai-ml-timeline/
(accessed Feb. 13, 2024).

[17]. D. Holz and P. Justus, “Google invests 1 billion euros in
Germany’s digital future,” Google Cloud, 2021.
https://cloud.google.com/blog/products/infrastructure/g
oogle-invests-1-billion-euros-in-germanys-digital-future
(accessed Feb. 13, 2024).

[18]. Waymo, “The World’s Most Experienced Driver,”
Waymo One, 2024. https://waymo.com/faq/ (accessed
Feb. 13, 2024).

[19]. M. G. Southern, “Google Acquires Nest Labs For $3.2
Billion in Cash,” Search Engine Journal, 2014.
https://www.searchenginejournal.com/google-acquires-
nest-labs-3-2-billion-cash/85961/ (accessed Feb. 13,
2024).

[20]. B. Mccoll, “Microsoft and Alphabet’s Google Introduce
New Al Initiatives for the Health Care Industry,”
Investopedia, 2023.
https://www.investopedia.com/microsoft-and-google-
introduce-new-ai-initiatives-for-the-health-care-
industry-8349760 (accessed Feb. 13, 2024).

[21]. GoogleCloud, “Google Cloud for healthcare and life
sciences,” GoogleCloud, 2024.
https://cloud.google.com/solutions/healthcare-life-
sciences (accessed Feb. 13, 2024).

[22]. D. Clark, “Google’s *20% rule’ shows exactly how
much time you should spend learning new skills—and
why it works,” CNBC, 2022.
https://www.cnbc.com/2021/12/16/google-20-percent-
rule-shows-exactly-how-much-time-you-should-spend-
learning-new-skills.ntml (accessed Feb. 13, 2024).

Google, 2023.

IJISRT24SEP464

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24SEP464

[23]. V. Kumar and U. Kumar, “Introduction: technology,
innovation and sustainable development,” Transnatl.
Corp. Rev,, vol. 9, no. 4, pp. 243-247, Oct. 2017, doi:
10.1080/19186444.2017.1408553.

[24]. C. Clifford, “How Google plans to use 100% carbon-
free energy in its data centers by 2030,” CNBC, 2022.
https://www.cnbc.com/2022/04/13/google-data-center-
goal-100percent-green-energy-by-2030.html  (accessed
Feb. 13, 2024).

[25]. [25] Google Data Centers, “24/7 Carbon-Free
Energy by 2030,” Google, 2022.
https://www.google.com/about/datacenters/cleanenergy/
(accessed Feb. 13, 2024).

[26]. V. Giridharan, “Here’s how Google is putting Al to
work in healthcare, environmental conservation,
agriculture and more,” digit, 2019.
https://www.digit.in/features/general/heres-how-google-
is-putting-ai-to-work-in-healthcare-environmental-
conservation-agriculture-and-more-49182.html
(accessed Feb. 14, 2024).

[27]. Google Research, “Featured research collaborations,”
Google. https://research.google/outreach/featured-
research-collaborations/ (accessed Feb. 13, 2024).

[28].S. F.Dieffenbacher, “Innovative Thinking Meaning,
Skills & Strategies,” Digital Leadership, 2024.
https://digitalleadership.com/blog/innovative-thinking/
(accessed Mar. 11, 2024).

[29]. M. Darder, “Google’s User-Centered Design,”
Innovility, 2023.
https://www.linkedin.com/pulse/googles-user-centered-
design-mostafa-darder/ (accessed Feb. 14, 2024).

[30]. S. Panda and N. Kaur, “Enhancing User Experience and
Accessibility in Digital Libraries through Emerging
Technologies,” in International Symposium on Digital
Libraries: Sustainable Development in Education
(DLSDE-2023), 2023. doi: 10.5281/zen0d0.10211088.

[31]. T. Porto, “Google’s ongoing battle with data breaches,
privacy concerns, and the push for first-party data
strategy,” LinkedIn, 2023.
https://www.linkedin.com/pulse/googles-ongoing-
battle-data-breaches-privacy-concerns-thayanne-porto-
3tj2c/ (accessed Mar. 11, 2024).

[32]. GoogleCloud, “Five years of 100% renewable energy —
and a look ahead to a 24/7 carbon-free future,” Google,
2022.
https://cloud.google.com/blog/topics/sustainability/5-
years-of-100-percent-renewable-energy (accessed Feb.
13, 2024).

[33].S. Golden, “Google’s jaw-dropping renewable
procurement  proclamation,” GreenBiz, 2019.
https://www.greenbiz.com/article/googles-jaw-
dropping-renewable-procurement-proclamation
(accessed Feb. 13, 2024).

[34]. Google Sustainability, “Suppier Responsibiliity Report
2023,” Google, 2023.
https://sustainability.google/progress/supplier-
responsibility/ (accessed Feb. 14, 2024).

[35]. L. Speta, “Reimagining the Google supply chain,”
Google Blog, 2018. https://blog.google/outreach-
initiatives/sustainability/reimagining-google-supply-
chain/ (accessed Feb. 14, 2024).

WWW.ijisrt.com 566


https://doi.org/10.38124/ijisrt/IJISRT24SEP464
http://www.ijisrt.com/

Volume 9, Issue 9, September — 2024

ISSN No:-2456-2165

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

IJISRT24SEP464

R. Porat, “It should be the goal of every business to
protect our planet,”  Google Blog, 2019.
https://blog.google/outreach-
initiatives/sustainability/cop25-every-business-protect-
our-planet/ (accessed Feb. 14, 2024).

Markets and Markets, “Google’s Climate, Environment
Initiatives and Global Trends,” Markets and Markets,
2023.  https://www.marketsandmarkets.com/industry-
news/Google-Climate-Environment-Initiatives-and-
Global-Trends (accessed Feb. 13, 2024).

Google Sustainability, ‘“Net-zero carbon,” Google,
2022. https://sustainability.google/operating-
sustainably/net-zero-carbon/ (accessed Feb. 13, 2024).
D. L. Qu, “What Google is doing for sustainability,”
LinkedIn, 2022. https://www.linkedin.com/pulse/what-
google-doing-sustainability-daniel-li-qu/ (accessed Feb.

13, 2024).
Green IT Certification, “Google’s Ecological
Technological Journey,” LinkedIn, 2024.

https://www.linkedin.com/pulse/googles-ecological-
technological-journey-wflec/?trk=article-ssr-frontend-
pulse_more-articles_related-content-card (accessed
Mar. 11, 2024).

U. Holzle, “How we’re helping everyone benefit from
the transition to clean energy,” Google Sustainability,
2023. https://blog.google/outreach-
initiatives/sustainability/equitable-clean-energy-
transition/ (accessed Mar. 11, 2024).

Google Sustainability, “2021 Environmental Report,”
Google, 2021.
https://sustainability.google/reports/google-2021-
environmental-report/ (accessed Feb. 13, 2024).

B. Gomes and K. Brandt, “Our 2023 Environmental
Report,” Google, 2023. https://blog.google/outreach-
initiatives/sustainability/environmental-impact-report-
2023/ (accessed Feb. 13, 2024).

J. M. Podolny and M. T. Hansen, “How Apple Is
Organized for Innovation,” Harvard Buisness Review,
2020. https://hbr.org/2020/11/how-apple-is-organized-
for-innovation (accessed Mar. 27, 2024).

M. Casserly, “Apple through the decades: A history of
the world’s biggest tech firm,” Macworld, 2019.
https://www.macworld.com/article/673835/apple-
through-the-decades-a-history-of-the-worlds-biggest-
tech-firm.html (accessed Mar. 29, 2024).

Apple, “Apple Reinvents the Phone with iPhone,”
Newsroom, 2007.
https://www.apple.com/newsroom/2007/01/09Apple-
Reinvents-the-Phone-with-iPhone/ (accessed Mar. 27,
2024).

M. Peterson, “Looking back at 10 years of the iPad,
Apple’s revolutionary tablet,” Apple Insider, 2020.
https://appleinsider.com/articles/20/04/03/looking-back-
at-10-years-of-the-ipad-apples-revolutionary-tablet
(accessed Mar. 26, 2024).

T. Culpan, D. Fickling, and E. He, “Apple’s Supply
Chain Is on a Collision Course With Climate Change,”
Bloomberg, 2023.
https://www.bloomberg.com/graphics/2023-opinion-
apple-supply-chain-climate-change/ (accessed Apr. 02,
2024).

[49].

[50].

[51].

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/lJISRT24SEP464

K. Savolainen, “User-Centred Design without Involving
Users: A Longitudinal Case Study in a Human-Centred-
Design—Mature Company,” Des. J., vol. 24, no. 6, pp.
887-905, Nov. 2021, doi:
10.1080/14606925.2021.1980267.

Apple Magazine, “What Jony Ive Has Brought to
Apple’s Design Philosophy,” 2015.
https://applemagazine.com/what-jony-ive-has-brought-
to-apples-design-philosophy/24952 (accessed Apr. 01,
2024).

J. Montgomerie and S. Roscoe, “Owning the
consumer—Getting to the core of the Apple business
model,” Account. Forum, vol. 37, no. 4, pp. 290-299,
Dec. 2013, doi: 10.1016/j.accfor.2013.06.003.

B. Barley, A. Kitamura, T. Loar, E. Ramon-Samayoa, J.
Yuzon, and T. U. Daim, “An Investigation of the
Motivations and Strategies Behind Apple’s Product
Design,” 2020, pp. 3-27. doi: 10.1007/978-3-030-
58301-9_1.

Apple, “Apple and global suppliers expand renewable
energy to 13.7 gigawatts,” Apple Newsroom, 2023.
https://www.apple.com/newsroom/2023/04/apple-and-
global-suppliers-expand-renewable-energy-to-13-point-
7-gigawatts/ (accessed Apr. 01, 2024).

L. Andeobu, S. Wibowo, and S. Grandhi, “A Systematic
Review of E-Waste Generation and Environmental
Management of Asia Pacific Countries,” Int. J. Environ.
Res. Public Health, vol. 18, no. 17, p. 9051, Aug. 2021,
doi: 10.3390/ijerph18179051.

Apple, “Apple expands the use of recycled materials
across its products,” Apple Newsroom, 2022.
https://www.apple.com/newsroom/2022/04/apple-
expands-the-use-of-recycled-materials-across-its-
products/ (accessed Apr. 01, 2024).

L. Bisschop, Y. Hendlin, and J. Jaspers, “Designed to
break: planned obsolescence as corporate environmental
crime,” Crime, Law Soc. Chang., vol. 78, no. 3, pp.
271-293, Oct. 2022, doi: 10.1007/s10611-022-10023-4.
F. Beckett-Hester, “The E-Waste Problem: A Case
Study of Apple,” Globus, 2021.
https://globuswarwick.com/2021/01/21/the-e-waste-
problem-a-case-study-of-apple/ (accessed Apr.
2024).

S. Moss, “Sun, wind and sea: Apple details data center
renewable energy initiatives,” Data Centre Dynamics,
2017.
https://www.datacenterdynamics.com/en/analysis/sun-
wind-and-sea-apple-details-data-center-renewable-
energy-initiatives/ (accessed Apr. 02, 2024).

Z. Chen, “Analysis and Synthesis of the Environmental
Progress of Apple Inc. from 2008 to 2022,” Adv. Econ.
Manag. Polit. Sci., vol. 27, no. 1, pp. 97-103, Nov.
2023, doi: 10.54254/2754-1169/27/20231220.

M. E. Pineda, “Environmental Strategy of Apple: Key

02,

Sustainability Initiatives,” Profolus, 2021.
https://mww.profolus.com/topics/environmental-
strategy-of-apple-key-sustainability-initiatives/
(accessed Mar. 29, 2024).

567


https://doi.org/10.38124/ijisrt/IJISRT24SEP464
http://www.ijisrt.com/

Volume 9, Issue 9, September — 2024 International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

[61].S. Jin et al., “Identifying barriers to sustainable apple
production: A stakeholder perspective,” J. Environ.
Manage., vol. 302, p. 114082, Jan. 2022, doi:
10.1016/j.jenvman.2021.114082.

[62]. D. Price, “Why Apple was bad for the environment (and
why  that’s changing),” Macworld, 2017.
https://www.macworld.com/article/670493/why-apple-
was-bad-for-the-environment-and-why-thats-
changing.html (accessed Apr. 04, 2024).

[63]. Apple, “Apple Supplier Code of Conduct,” Aplle
Supplier Responsib., vol. Version 4., 2021, [Online].
Available: http://www.apple.com/supplier-
responsibility

[64]. A. Sehgal, “Groundbreaking Digital Innovations,” in
Demystifying Digital Transformation, Berkeley, CA:
Apress, 2024, pp. 211-258. doi: 10.1007/978-1-4842-
9499-4 6.

[65]. M. Schrage, “Just How Valuable Is Google’s 20%
Time’?,”  Harvard  Buisness  Review,  2013.
https://hbr.org/search?term=michael schrage (accessed
Apr. 16, 2024).

[66].L. Riehl, “Apple’s Design Journey: From
Skeuomorphic Design to Minimalism and Its Impact on
User Psychology,” Medium, 2023.
https://medium.com/@laurariehl/apples-design-journey-
from-skeuomorphic-design-to-minimalism-and-its-
impact-on-user-psychology-fbecf8ced83d (accessed
Apr. 17, 2024).

[67].S. Zillner, “Innovation in Times of Big Data and Al:
Introducing the Data-Driven Innovation (DDI)
Framework,” in The Elements of Big Data Value,
Cham: Springer International Publishing, 2021, pp.
289-310. doi: 10.1007/978-3-030-68176-0_12.

[68]. [68] A. Richardson, “The Founding of Apple
Computers, Inc. - This Month in Business History -
Research Guides at Library of Congress,” Library of
Congress Research Guides, Mar. 2021.
https://guides.loc.gov/this-month-in-business-
history/april/apple-computers-founded (accessed Jun.
08, 2022).

[69].J. Harper, “Apple buys a company every three to four
weeks,” BBC, 2021.
https://www.bbc.com/news/business-56178792
(accessed Apr. 14, 2024).

[70]. Apple, “Intellectual Property,” 2024.
https://www.apple.com/legal/intellectual-property/
(accessed Apr. 16, 2024).

IJISRT24SEP464 WWW.ijisrt.com

https://doi.org/10.38124/ijisrt/lJISRT24SEP464

568


https://doi.org/10.38124/ijisrt/IJISRT24SEP464
http://www.ijisrt.com/

	I. INTRODUCTION
	II. SUSTAINABLE INNOVATIONS
	 Google’s Approach to Technological Innovation and Sustainability
	 Renewable Energy Initiatives and Supply Chain Sustainability
	 Impact of Google’s Environmental Initiatives on Business Growth

	IV. SUSTAINABLE INNOVATION IN APPLE: A CASE STUDY
	 Renewable Energy Initiatives and Supply Chain Sustainability
	 Impact of Apple’s Environmental Initiatives on Business Growth

	V. COMPARATIVE ANALYSIS
	 Comparative Assessment of Technological Innovation in Google and Apple
	 Sustainability Initiatives Overview: A Comparative Analysis of Google and Apple

	VI. SUMMARY OF RESULTS AND FINDINGS
	 Technological Innovation Culture
	 Implications of Technological Innovation for Business and Industry
	REFERENCES



