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Abstract - A lot of people are excited about artificial 
intelligence's (AI) potential to promote sustainability because 
it has transformed several industries, including healthcare, 
transportation, agriculture, energy, and media. Analysing the 
two sustainability of AI in and of itself as well as its 
applications for advancing sustainability, this article 
scrutinises the rapidly changing field of AI sustainability. An 
impartial viewpoint on the economic, social, and 
environmental aspects is offered by the study's methodical 
classification of the body of current literature. Significantly, 
since 2019, the area has matured, as seen by an increase in 
publications and empirical studies, with a growing focus on 
holistic approaches that are in line with the Sustainable 
Development Goals (SDGs) of the United Nations. Problems 
still exist even with AI's bright future in addressing difficult 
problems like climate change and environmental degradation. 
These include the unpredictability of human behavioural 
responses, the over-reliance on historical data in machine 
learning models, the increased dangers associated with 
cybersecurity, and the negative effects of AI applications. 
Subsequent investigations must to incorporate multilevel 
perspectives, systems dynamics methodologies, design 
thinking, psychological and sociological factors, and 
evaluations of economic values. In the end, our work 
emphasises the necessity for creative AI solutions that lower 
the energy and natural resource intensity of human activity 
while also enabling efficient environmental regulation and 
preventing long-term risks to sustainability. 
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Resource Management, Multilevel Analysis, Machine 
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1. INTRODUCTION 

Significant progress has been achieved in artificial 
intelligence (AI) over the past few decades. AI has the power to 
drastically alter a number of sectors and industries and bring 
about unanticipated change. AI systems have resulted in 
significant improvements being applied in a number of 
sectors, including the media, healthcare, transportation, 
agriculture, and energy. Though enthusiasm about AI is 
broad, there is a noteworthy caution that stems from 
concerns about potential 

negative impacts as well as evidence of AI's efficacy.For 
example, training a state-of-the-art model, particularly one 
for natural language processing (NLP), demands a large 
amount of computational power, imposing a large amount of 
energy along with related costs to the environment and the 
economy. In addition, new moral and societal issues for the 
economy and society were brought forth by the development 
of AI. These issues include worries about the spread of fake 
news, stagnant actual pay for workers, and societal injustice 
brought on by AI systems that discriminate. Because of this, 
scientists are becoming more and more interested in studying 
how they affect sustainability. Understanding AI's impacts 
and revolutionary potential, particularly with regard to 
sustainability, necessitates a critical analysis of the subject 
[1]. 

This paper presents case studies from multiple sectors 
where AI has been applied in order to give a thorough 
analysis of AI's role in sustainability. These instances will 
show both the achievements and difficulties faced in 
demonstrating the valuable uses of AI in advancing 
sustainability. They will act as practical illustrations to help 
comprehend the intricate connection between AI 
advancement and its effects on society, the environment, and 
the economy. This study aims to investigate AI's double 
contribution to sustainability: evaluating AI's sustainability as 
a concept and its potential uses for promoting sustainability. 
The study systematically divides the corpus of existing 
literature by providing an unbiased opinion on financial, 
social, and environmental issues. It seeks to address ethical 
and societal issues while analysing AI's transformational 
potential. It will also stress the significance of striking a 
balance between environmental responsibility and 
innovation and offer suggestions for future research avenues 
[2][20]. 

2. LITERATURE REVIEW AND OBJECTIVE 

The exponential growth of artificial intelligence (AI) in the 
last few decades has been well-documented, demonstrating 
AI's disruptive potential in a number of industries, including 
media, healthcare, transportation, agriculture, and energy. 
Several studies demonstrate h o w  AI m a y  s p u r  
i n n o v a t i o n  efficiency, resulting in notable advancements 
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in several sectors (Russell & Norvig, 2020; Goodfellow et al., 
2016). But the research also shows that there are growing 
worries about the financial and environmental consequences 
of training sophisticated AI models, especially those for 
natural language processing (NLP) (Strubell et al., 2019). 

Apart from the technical difficulties, the ethical and 
sociological consequences of artificial intelligence have come 
under closer examination. Modern research routinely 
addresses topics like the persistence of social biases, the 
spread of fake news, and the stagnation of real wages as a 
result of automation (O'Neil, 2016; Bender et al., 2021). These 
difficulties highlight how crucial it is to evaluate AI's total 
influence on sustainability, taking into account its effects on 
the social, economic, and environmental spheres. 

The dual role of AI in sustainability—its potential to help 
accomplish the Sustainable Development Goals (SDGs) and its 
own inherent sustainability challenges—has come into 
attention in recent research (Vinuesa et al., 2020). This dual 
viewpoint draws attention to the necessity of a well-rounded 
strategy that incorporates moral considerations, 
environmental stewardship, and creative potential. The 
existing research highlights the need for thorough and 
multifaceted examinations of AI's function in improving 
sustainability by looking at case studies and actual data 
(Floridi et al., 2018). 

3. SUSTAINABLE DEVELOPMENT OBJECTIVES 
(SDGS) WITH ARTIFICIAL INTELLIGENCE (AI) 

The Sustainable Development Goals (SDGs) could be 
significantly aided by artificial intelligence. The following are 
some ways AI can support the SDGs: 

Poverty and Hunger: AI can aid in reducing poverty and 
hunger by enhancing resource allocation, forecasting crop 
yields, and optimising agricultural operations [8]. 

Healthcare: AI can improve healthcare systems by 
facilitating remote monitoring, personalised treatment 
regimens, and early disease diagnosis, which will improve 
patient access and outcomes. 

Education: AI can help everyone have access to high-
quality education in remote locations, customise learning 
experiences for students, and create chances for lifelong 
learning. 

Gender equality: artificial intelligence can assist in 
recognising and resolving biases in hiring procedures, 
encouraging workplace diversity, and guaranteeing that both 
genders have equal chances [4]. 

Clean energy: Artificial intelligence (AI) can help promote 
sustainable energy practices by streamlining the 
implementation of sources of renewable energy, enhancing 
grid management, and optimising energy use. 

Climate action: Artificial Intelligence (AI) can assist with 
climate change adaptation and mitigation by analysing 
climatic data, forecasting natural disasters, and providing 
ideas for reducing environmental impacts [19]. 

4. INSTANCES OF AI SOLUTIONS THAT ADVANCE 
SUSTAINABLE DEVELOPMENT OBJECTIVES 

Solutions based on artificial intelligence (AI) are 
being used more and more to tackle a variety of issues and 
help many sectors reach the Sustainable Development Goals 
(SDGs). The following are some instances of AI-based 
solutions that are enhancing the results of sustainable 
development: 

4.1 Mitigation and Adaptation to Climate Change 

           Climate Modelling: AI uses data on the climate to 
forecast future trends, assisting scientists and politicians in 
creating mitigation plans. 

Reducing Carbon Footprint: AI integrates renewable 
energy sources and maximises energy utilisation in buildings 
and industries [6]. 

4.2 Resilient Farming 

Precision farming: By examining soil, meteorological, and 
crop health data, artificial intelligence (AI) tools offer 
accurate suggestions on fertilisation, irrigation, and pest 
management. Supply Chain Optimisation: In agricultural 
supply chains, artificial intelligence (AI) forecasts demand, 
cuts waste, and improves logistics. 

4.3 Conservation of Biodiversity 

Animals Monitoring: To help with conservation, AI-
powered cameras and drones track poaching activities and 
keep an eye on animals. They do this by analysing images and 
sounds. 

Habitat Mapping: AI maps and tracks changes in 
ecosystems through satellite imagery, assisting in the 
preservation and restoration of habitats. 

4.4 Renewably Sourced Energy 

Energy Forecasting: AI forecasts renewable energy 
generation, enhancing grid efficiency and integration. 

AI-enhanced energy storage management ensures a 
steady supply of electricity from sporadic renewable sources 
[7][9]. 

4.5 Well-being and Health 

AI is used in health data analysis to forecast illness 
outbreaks and create preventative measures. 
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AI-powered systems and gadgets facilitate remote health 
monitoring and diagnosis, hence enhancing healthcare 
accessibility through telemedicine [10]. 

5. APPLICATION OF AI FOR SUSTAINABLE 
DEVELOPMENT CASE STUDY 

6. Google DeepMind AI Cuts 40% of Google Data 
Centre Cooling Expenses 

GOOGLE has developed artificial intelligence that reduces 
the quantity of energy required to run its data centres. An 
astounding 40% less energy was needed to cool the centres 
because to machine learning technology created by the 
company's AI research division, DeepMind. It was able to 
increase the effectiveness of its own centres, which run 
YouTube, Gmail, Google Search, and all of Google's services, 
by implementing machine learning. On a broader scale, the 
algorithms and techniques employed might also be applied to 
minimise waste in the electricity grid or to air conditioning 
systems in major manufacturing plants. In relation to the 
amount of server activity that was predicted, the DeepMind 
team gathered a five-year period of data obtained from data 
centres and developed a prediction model for the amount of 
energy the centre would require. Data on temperatures, 
power consumption, pump speeds, and other topics were 
supplied to each neural network. The machine learning was 
"trained" and retained more examples of the operations of 
the centres through the use of the enormous data sets than 
a human could [11][12]. 

 

Figure 2: Google DeepMind AI Cuts 40% of Google Data 
Centre Cooling Expenses 

6.1.1 Algorithms used 

Google DeepMind uses cutting edge methods for data 
centre energy optimisation, mostly based on reinforcement 
learning (RL). Below is a summary of the DeepMind 
algorithms and the underlying equations for each [13]: 

 

 

 

 

 
Figure 1: An overview of AI's effects, both good and bad, 
on the many SDGs 
(https://www.nature.com/articles/s41467-019-14108-
y) 

7. DRL, or deep reinforcement learning: 

DeepMind optimises data centre energy consumption via 
DRL. Learning an optimal policy by interaction with the 
environment—in this example, the data centre 
infrastructure—is the fundamental principle of DRL. Typical 
algorithms that are employed are as follows: 

a. Q-Learning: Q-Learning is a fundamental RL 
algorithm that learns an optimal action-
selection policy for an agent in a Markov 
decision process (MDP). The Q-value 
represents the expected cumulative future 
reward for taking action a in state s. 

Q(s,a)←Q(s,a)+α[ r+γ maxa′ Q(s′,a′)−Q(s,a)] 

Q(s,a):  Q-value  for  action  a  and  state  s. α:
  Rate  of   learning. r: 
The benefit received after acting in a certain state. γ:
 The  factor  of discount. a′: 
The action in state s′ that maximises the Q-value. s′: 
The state that follows action an in state s. 

b. Deep Q-Networks (DQN): DQN extends Q- 
Learning by using a deep neural network to 
approximate the Q-function Q(s,a;θ) where θ are 
the parameters of the network. 

θ←θ + α [ r+ γ maxa′ Q(s′,a′;θ−)−Q(s,a;θ)] ∇θ 

Q(s,a;θ) 

θ−: Parameters of the target network (used to 
stabilize learning). 

c. Deep Deterministic Policy Gradient (DDPG): DDPG 
is used for continuous action spaces and involves 
learning a deterministic policy μ(s;θμ) that 
maximizes the expected cumulative reward. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 05 | May 2025               www.irjet.net                                                                       p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 231 
 

∇θμJ≈𝔼st∼ρ,at∼μ [∇θμQ(s,a;θQ)∣s=st,a=μ(st)] 

J: Cumulative reward. ρ: State distribution. θμ: 
Policy parameters. 

θQ: Q-function parameters [14]. 

7.1 Kenya utilises PlantVillage Nuru 

PlantVillage Nuru uses AI to assist farmers in Kenya in 
identifying crop illnesses. Farmers may instantly identify 
diseases and receive treatment advice by snapping pictures of 
their crops and submitting them to a smartphone app. The 
region's food security and farmer livelihoods have improved 
as a result of this technology's notable reduction in crop loss 
and increase in yields [15][16]. 

7.1.1 Algorithms used 

PlantVillage Nuru uses machine learning techniques 
specifically designed for picture classification and disease 
detection to assist farmers in diagnosing crop diseases and 
pests using artificial intelligence. These general sorts of 
algorithms and their conceptual frameworks that could be 
used are listed below, while specific implementation details 
may differ and the precise algorithms used by PlantVillage 
Nuru are proprietary: 

a. Convolutional  Neural Networks (CNNs): 
Application: Image  classification
 and segmentation of crop 
diseases and pests. Equation (High-level 
Concept): 

y = σ (Wx+b) 

x: Input image data. W: Weight matrix. b: 
Bias vector. 

σ: Activation function (e.g., ReLU, Sigmoid). 

y: Output (classification
 probabilities for different 
diseases/pests). 

b. Transfer Lerning: 

Application: Leveraging pre-trained CNN 
models (e.g., trained on ImageNet) and fine-
tuning them on specific crop disease datasets. 

Equation(concept): 

θ fine-tuned = arg minθ ℒ(fθ (xi), yi) + λR(θ) θ: 
Model parameters. 

xi: Input image. yi: True label. fθ: CNN model. 

ℒ: Loss function (e.g., cross-entropy). 

R: Regularization term. 

λ: Regularization parameter [17]. 

c. Ensemble Methods: 

Application: Combining multiple models 
(ensemble) for improved accuracy in disease 
and pest detection. 

Equation (Concept): 

𝒇  (𝒙) = 
𝟏 
𝒇t (x) 

 
Figure 3: Accuracy in identifying signs of CMD, CBSD, 

and CGM damage by researchers, farmers, agricultural 
extension agents, and Plant Village Nuru is compared. 

Application: Increasing the diversity of the training 
dataset by applying transformations to input images. 

Equation (Concept): 

x′= augment (x) 

x′: Augmented image. 

augment: Augmentation function (e.g., 
rotation, flipping, scaling) [18]. 

8. AI'S FUTURE PROSPECTS AND CHALLENGES 
FOR SUSTAINABLE DEVELOPMENT 

The efficacy of AI is limited in many developing nations 
because high-quality, diversified datasets are essential for 
building correct AI models. Ensuring that AI technology 
reaches remote and impoverished populations is a major 
challenge because advanced AI solutions require powerful 
computational infrastructure, which is frequently absent in 
less developed places. Furthermore, if AI systems are not 
effectively controlled, they might reinforce preexisting 
prejudices and inequalities. For this reason, it is crucial to 
guarantee accountability, transparency, and justice in AI 
applications to prevent societal gaps from getting worse. 
Moreover, the energy-intensive nature of training and 
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implementing AI models—especially deep learning 
algorithms—may counteract the intended environmental 
advantages [3]. 

Creating novel approaches to data collecting, including 
crowdsourcing and IoT integration, can improve the 
availability and quality of data, increasing AI's efficacy. 
Research on edge computing and lightweight AI models can 
increase the viability and accessibility of AI applications in 
low-resource environments. A strong ethical code and other 
frameworks for AI development and use will assist combat 
prejudice and guarantee that AI solutions are inclusive and 
egalitarian. AI in conjunction with other disciplines, like 
public health, agriculture, and environmental science, can 
provide comprehensive answers to challenging sustainability 
issues. Strong legal and regulatory frameworks are also 
required to ensure that technology breakthroughs are in line 
with larger societal objectives and to direct the responsible 
application of AI in sustainable development [5]. 

9. CONCLUSION 

AI has great potential to advance sustainability in a 
number of fields, including energy management, healthcare, 
and agriculture. The revolutionary potential of AI in 
accomplishing the Sustainable Development Goals (SDGs) as 
well as the threats it poses to sustainability itself have both 
been examined 

  
𝑻  

in this study. It is clear from case studies 
and an analysis of 

𝑓(𝑥): Ensemble prediction. 

T: Number of models in the ensemble. 

Ft(x): Prediction of model t. 

d. Data Augmentation: 

recent research that artificial intelligence (AI) may 
greatly improve resource efficiency, streamline 
operations, and lessen environmental effects. But the use 
of AI also brings up moral questions about things like 
algorithmic bias and the amount of energy required for 
model training. A multidisciplinary strategy 

that incorporates moral considerations, strong legal 
frameworks, and cutting-edge technical solutions is needed 
to address these issues. Projects such as Google's DeepMind, 
which aims to lower data centre energy use, show how, when 
used carefully, AI may have a significant positive impact on the 
environment. 

Looking ahead, maximising AI's potential for sustainable 
development will require promoting cooperation between 

academics, decision-makers, and stakeholders. Transparency, 
inclusivity, and environmental stewardship are key 
components that can help us direct AI progress towards 
building a more resilient and equitable future. 

In summary, although artificial intelligence (AI) brings 
advantages and disadvantages, its appropriate use provides a 
means of accomplishing sustainable development goals on a 
worldwide scale. Realising AI's full potential as a catalyst for 
positive change in the goal of a sustainable and prosperous 
society will require ongoing study and deliberate 
deployment. 
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