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Abstract: 
This paper aims to explore the role of Artificial Intelligence (AI) in improving the environmental and 

economic analysis of the life cycle of green hydrogen production. The study includes a presentation of 

how AI can be used to collect and analyze data, model future scenarios, improve process efficiency, 

and manage risks. Green hydrogen is one of the most promising solutions to achieve sustainability 

and clean energy goals, but its production requires advanced technology and high efficiency. The 

study used a multi-level approach that includes a literature review, experimental data analysis, and the 

application of predictive models and simulations, with a focus on practical applications of AI in the 

life cycle stages. The study showed that AI can improve the accuracy and effectiveness of data 

collection, build advanced predictive models, and experiment with scenarios to determine the best 

environmental and economic options. AI also has the potential to improve the efficiency of production 

processes by optimizing resource allocation and reducing waste, which increases the productivity of 

electrolyzer. In addition, AI has contributed to the effective assessment and management of risks, 

which helps in making informed decisions. AI tools have provided advanced graphical visualizations 

and data-driven recommendations, which facilitate the decision-making process and enhance 

sustainability. The study finds that AI plays a crucial role in enhancing the efficiency and 

sustainability of green hydrogen production and recommends further research and development in this 

area to achieve global sustainability goals. 

Key words: Green Hydrogen, Artificial Intelligence, Renewable Energy, Life Cycle Analysis (LCA), 

Sustainability, Operational Efficiency, Risk Management. 

تطبيقات الذكاء الاصطظاعي في تحليل دورة الحياة البيئية والاقتصادية لإنتاج الهيدروجين الأخضر: 
 والاستدامة تحدين الكفاءة

 غادة سالػ محمد ولاء عبج السجيج ميجي سياد سسيخ حديؼ    معطي ناجي سعيج        
جامعة بغجاد  -كمية طب الأسشان  كمية مجيشة العمػ الجامعة العمػ الجامعةكمية مجيشة    

 الخلاصة :                                                                                                            
تيجف ىحه الؽرقة إلى استكذاف دور الحكاء الاصطشاعي في تحديؼ التحميل البيئي والاقترادي لجورة حياة إنتاج الييجروجيؼ 
الأخزخ. تتزسؼ الجراسة عخضًا لكيفية استخجام الحكاء الاصطشاعي لجسع وتحميل البيانات ونسحجة الديشاريؽىات السدتقبمية 

اطخ. يعج الييجروجيؼ الأخزخ أحج الحمؽل الؽاعجة لتحقيق أىجاف الاستجامة والطاقة الشعيفة، وتحديؼ كفاءة العسمية وإدارة السخ
لكؼ إنتاجو يتطمب تكشؽلؽجيا متقجمة وكفاءة عالية. استخجمت الجراسة نيجًا متعجد السدتؽيات يتزسؼ مخاجعة الأدبيات وتحميل 

ع التخكيد عمى التطبيقات العسمية لمحكاء الاصطشاعي في مخاحل دورة البيانات التجخيبية وتطبيق الشساذج والسحاكاة التشبؤية، م
الحياة. أظيخت الجراسة أن الحكاء الاصطشاعي يسكشو تحديؼ دقة وفعالية جسع البيانات وبشاء نساذج تشبؤية متقجمة وتجخبة 

بإمكانية تحديؼ كفاءة عسميات الإنتاج  الديشاريؽىات لتحجيج أفزل الخيارات البيئية والاقترادية. كسا يتستع الحكاء الاصطشاعي
مؼ خلال تحديؼ تخريص السؽارد وتقميل الشفايات، مسا يديج مؼ إنتاجية السحمل الكيخبائي. بالإضافة إلى ذلغ، ساىػ الحكاء 

ترؽرات  الاصطشاعي في التقييػ الفعال وإدارة السخاطخ، مسا يداعج في اتخاذ قخارات مدتشيخة. قجمت أدوات الحكاء الاصطشاعي
رسؽمية متقجمة وتؽصيات مجفؽعة بالبيانات، مسا يديل عسمية اتخاذ القخار ويعدز الاستجامة. وتؽصمت الجراسة إلى أن الحكاء 
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الاصطشاعي يمعب دورًا حاسسًا في تعديد كفاءة واستجامة إنتاج الييجروجيؼ الأخزخ، وأوصت بسديج مؼ البحث والتطؽيخ في 
 الاستجامة العالسية.ىحا السجال لتحقيق أىجاف 

: الييجروجيؼ الأخزخ، الحكاء الاصطشاعي، الطاقة الستججدة، تحميل دورة الحياة، الاستجامة، الكفاءة الكلطات الطفتاحية
 .التذغيمية، إدارة السخاطخ

1. Introduction 
In recent years, the world has witnessed a 

major shift towards adopting clean and 

sustainable energy sources to combat 

climate change and reduce carbon 

emissions. This shift is attributed to the 

growing awareness of the effects of climate 

change on the environment and human 

health and the commitment to international 

agreements such as the Paris Climate 

Agreement that aim to reduce global 

temperatures. Clean energy sources include 

solar, wind, and hydropower, which 

produce electricity without releasing 

harmful emissions. The benefits of these 

sources include their ability to provide 

sustainable energy, reduce environmental 

pollution, and reduce dependence on limited 

and polluting fossil fuels [1,2,3]. Green 

hydrogen is considered one of the most 

promising solutions for achieving a carbon-

free future. Green hydrogen is produced 

through the electrolysis process of water 

using electricity from renewable energy 

sources such as solar or wind energy. This 

process allows the production of clean 

hydrogen without any carbon emissions, 

enhancing its role as an environmentally 

friendly alternative to traditional fossil 

fuels. Green hydrogen can be used in a 

variety of applications, including 

transportation, industry, and electricity 

generation, contributing to reducing the 

carbon footprint and achieving global 

sustainability goals. Despite the significant 

environmental benefits of green hydrogen, 

this technology faces many technical and 

economic challenges. The high costs of 

producing green hydrogen compared to 

conventional hydrogen (gray hydrogen) are 

one of the most prominent of these 

challenges, in addition to the efficiency of 

the process, which can be affected by 

operational and environmental factors, and 

the problems of storing and transporting 

hydrogen due to its light and flammable 

nature. To achieve economic feasibility and 

environmental sustainability, operational 

processes must be improved, and the 

technology used in production must be 

developed [4,5]. This is where AI comes in 

as an effective tool for environmental and 

economic life cycle analysis (LCA) for 

green hydrogen production. AI can enhance 

this process through its ability to process 

and analyze large and complex amounts of 

data quickly and accurately. In green 

hydrogen production, AI can help improve 

operational efficiency and reduce costs in 

several ways. For example, AI can be used 

to collect and analyze operational data in 

real-time, which helps in tuning operational 

processes to achieve the highest efficiency 

and lowest emissions. In addition, AI-based 

predictive models can be used to estimate 

future environmental and economic 

performance and determine operational 

costs and economic returns based on 

historical and current data. AI can also 

improve production processes by applying 

optimization algorithms that adjust 

operating conditions to achieve maximum 

efficiency in water electrolysis and use it in 

predictive maintenance to analyze 

performance and maintenance data and 

identify potential failures before they occur, 

which reduces unplanned downtime and 

improves production efficiency. Thus, AI 

plays a vital role in enhancing green 

hydrogen production by improving 

operational efficiency, reducing costs, and 

estimating environmental impact, 

supporting the transition to a more 

sustainable and carbon-free future [6,7]. 

2. Green Hydrogen Concept Importance 
Hydrogen is a chemical element considered 

one of the most important elements in the 

field of energy of the future due to its 

environmental and geopolitical properties. 

Hydrogen has the potential to be used as a 

clean fuel, as it can replace fossil fuels in 

many applications, from electricity 

generation to vehicle operation. However, 

not all forms of hydrogen are equal in terms 

of environmental impact and cost. 

Hydrogen is classified into different colors 

based on its production methods, each color 

expressing a specific technology and a set of 
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characteristics related to cost and carbon 

emissions. Each type of hydrogen presents 

different challenges and opportunities, and 

as technology evolves and the need for 

clean energy solutions increases, interest in 

developing and using hydrogen in its 

various colors to improve the global energy 

future is growing [8,9]. 

- Black/Brown Hydrogen: Produced by 

gasifying coal. Similar or slightly higher 

in cost to gray hydrogen. Produces large 

amounts of Carbon dioxide (CO2), 

making it not environmentally friendly. 

- Gray hydrogen: Gray hydrogen is 

produced by reforming natural gas with 

steam. It is considered the least 

expensive among the other colors of 

hydrogen. It produces large amounts of 

carbon dioxide, making it not 

environmentally friendly. 

- Blue hydrogen: Similar to gray 

hydrogen, but the CO2 produced in the 

production process is captured and 

stored. It is more expensive than gray 

hydrogen due to the costs of carbon 

capture and storage. CO2 emissions It 

emits low emissions as most of the CO2 

is captured. 

- Yellow Hydrogen: Produced by 

electrolysis of water but using electricity 

from non-renewable sources. Varies 

depending on the cost of electricity used. 

CO2 emissions may be generated 

depending on the source of electricity. 

- Turquoise Hydrogen: Produced by 

thermal decomposition of methane 

(producing hydrogen and solid carbon). 

Varies depending on technology and 

economic conditions. Produces low 

amounts of CO2, as solid carbon is 

produced instead of gaseous CO2. 

- Green hydrogen: It is produced by 

electrolysis of water using renewable 

electricity (such as solar or wind energy). 

The most expensive of all hydrogen 

colors due to the costs of the technology 

used and renewable energy. Produces no 

CO2 emissions, making it the most 

environmentally friendly. This type of 

hydrogen is called “green” because it 

does not produce any carbon emissions 

during the production process, making it 

a clean and sustainable energy option. 

However, the efficiency of the 

electrolysis process, the costs of 

renewable electricity, and the operating 

and maintenance costs of the necessary 

equipment are critical factors that 

determine the economic viability of this 

technology. Green hydrogen is a key 

element in achieving global 

sustainability goals and mitigating 

climate change. Thanks to its carbon-free 

nature, green hydrogen can help reduce 

the global carbon footprint, thus 

supporting international efforts to limit 

global warming and achieve climate 

agreements such as the Paris Agreement 

[10,11,12]. (See Figure 2) 

 

 

 
Figure (1): Classification of Hydrogen Based on Production Technology (Worst to Best) 
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2.1 Uses of green hydrogen 

There are many important uses of green 

hydrogen in many different fields as 

shown below:  

- Heavy industry: Green hydrogen can be 

used in smelting and forging processes 

that require high temperatures. 

- Ammonia production: Green hydrogen is 

used in the fertilizer industry by 

producing ammonia in a clean way. 

- Powering cars: Hydrogen fuel cells can be 

used to power electric cars, providing an 

emissions-free alternative to fossil fuels. 

- Aircraft and ships: There are experiments 

to use green hydrogen as a fuel for 

aircraft and ships, reducing the carbon 

footprint of large transportation. 

- Power plants: Green hydrogen can be 

used as a fuel in power plants, either 

directly or through hydrogen fuel cells. 

- Renewable energy storage: Green 

hydrogen can be used to store surplus 

renewable energy (such as solar and 

wind) for use in times of need [13,14,15]. 

(See Figure 2) 

 

 
Figure (2):The main Uses  of Green Hydrogen. 

 

2.2 The importance of green hydrogen 

Green hydrogen is one of the most 

important future solutions to address 

environmental and economic challenges 

related to energy, thanks to its clean and 

renewable properties and its diverse uses in 

various industrial, transportation and 

electricity generation sectors. Green 

hydrogen has many benefits as green 

hydrogen does not produce any carbon 

emissions during the production and use 

process. It reduces dependence on fossil 

fuels, which contributes to reducing air 

pollution. Green hydrogen also provides a 

sustainable alternative to fossil fuels, which 

reduces dependence on oil and gas. With all 

these benefits of green hydrogen, the 

development of the green hydrogen industry 

can lead to the creation of new jobs in the 

fields of clean technology and renewable 

energy [16,17].  

 

2.3 How to produce green hydrogen 

- Principle Electrolysis of water: A 

chemical process that uses an electric 

current to separate water (H₂O) into two 

elements: hydrogen (H₂) and oxygen 

(O₂). 

- Renewable sources: The electricity used 

in the electrolysis process comes from 

renewable energy sources, such as solar 

energy where the solar panels are used to 

convert sunlight into electricity, and 

Wind energy where the Wind turbines 

are used to convert wind energy into 

electricity. 

-  Practical steps providing renewable 

electricity, which is generated from 

renewable energy sources such as solar 

panels or wind turbines. Then the 

electricity is directed to an electrolyzer 

that separates water into hydrogen and 

oxygen. After that the Hydrogen 
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collection, where the resulting hydrogen is collected and stored for use in various applications. 

See Figure 3 which illustrates the main steps in the process of green hydrogen production 

[18,19].

  

  

 

 

 

Figure (3): Production of green hydrogen [19]. 
 

3. The importance of LCA for green 

hydrogen production 

LCA is a comprehensive methodology used 

to assess the environmental and economic 

impact of products or processes across their 

entire life cycle, from the extraction of raw 

materials through production, 

transportation, use, and final disposal. This 

analysis aims to provide a complete and 

comprehensive picture of the environmental 

and economic impacts of all stages 

associated with the product or process. 

The importance of LCA for green 

hydrogen production is divided into two 

aspects: the first is environmental impact 

assessment, as LCA can reveal all 

environmental impacts associated with 

green hydrogen production, from the use of 

natural resources to greenhouse gas 

emissions and waste. This assessment helps 

identify hotspots, i.e. stages that contribute 

significantly to negative environmental 

impact. It also contributes to improving 

operations by identifying the main sources 

of environmental impacts. Actions can be 

taken to improve environmental efficiency, 

such as improving electrolysis efficiency or 

reducing water and energy consumption. 

This assessment also helps support 

sustainability by ensuring that green 

hydrogen production achieves 

environmental benefits compared to other 

options. 

The other aspect of the importance of LCA 

for green hydrogen production is the 

assessment of economic feasibility, as LCA 

is not limited to environmental aspects only, 

but also includes the economic assessment 

of production, which can help in cost 

analysis by assessing the costs associated 

with each stage of production, from 

purchasing raw materials to operating and 

maintenance costs. It also helps in 

identifying savings opportunities by 

identifying points that can be improved to 

reduce costs, such as increasing energy 

efficiency or improving transportation and 

storage operations, and analyzing returns by 

assessing the expected economic benefits of 

green hydrogen production compared to 

costs, which helps in making informed 

investment decisions, as  LCA  provides a 

comprehensive database that can be used to 

support decision-making in various fields, 

such as government policies to develop 

policies that support the adoption of green 

hydrogen, such as providing financial 

incentives or technical support and 

providing detailed data that helps investors 

understand the economic feasibility of 

projects and analyze the risks and benefits 

of investments that may direct research and 

development towards technologies that 

achieve the greatest environmental and 

economic improvements, thus enhancing 

transparency and credibility in green 

hydrogen production, as it provides data that 

can be verified by third parties, such as 

regulators or investors. This enhances 

confidence that green hydrogen is produced 

in a sustainable manner and achieves the 

stated environmental objectives. Also, 
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through LCA, opportunities for continuous 

improvement can be identified at each stage 

of production, leading to increased 

efficiency, reduced environmental impact 

and long-term sustainability. For example, 

the efficiency of electrolysis can be 

improved, transportation and storage 

processes can be improved, or natural 

resource consumption can be reduced 

[20,21,22]. 

3.1 A practical example of using LCA in 

green hydrogen production 

a) Data collection and analysis: 

Comprehensive data is collected on all 

aspects of the green hydrogen 

production process, such as (Energy 

consumption, Water resources, 

Emissions) 

b) Process improvement: Using the data 

derived from LCA, opportunities for 

process improvement can be identified 

(Increasing the efficiency of 

electrolysis, Reducing resource 

consumption, Improving transportation 

and storage) 

c) Investment and Policy Support Based on 

the LCA results, recommendations can 

be made for investing in more efficient 

and sustainable technologies, as well as 

developing government policies that 

encourage the adoption of green 

hydrogen through financial incentives 

and supportive legislation [22,23]. 

4. Challenges of  LCA  in Green Hydrogen 

Production 

There are many challenges that face the 

process of LCA in Green Hydrogen 

Production, these challenges include: see 

Figure (4) 

 Data collection:  LCA requires 

collecting accurate and comprehensive 

data on all stages of production, from 

raw material extraction to 

manufacturing, distribution, and end-

use. Collecting this data can be complex 

and expensive. 

 Process complexity: Green hydrogen 

production involves multiple and 

complex processes, such as electrolysis, 

which require careful analysis to 

properly assess the environmental 

impact. 

 Market changes: Changes in raw 

material and energy prices can impact 

life cycle assessments, making it 

difficult to obtain an accurate and stable 

assessment. 

 Advanced technology: Green hydrogen 

production technology is constantly 

evolving, making it difficult to assess 

the life cycle based on technologies that 

may be outdated or ineffective after a 

short period. 

 Regulation and standards: The absence 

of specific regulatory standards for life 

cycle assessment in the green hydrogen 

industry can lead to discrepancies in 

results between different assessments 

and studies [22,23]. 

 

 
 

                            Figure (4): Challenges of LCA in Green Hydrogen Production. 
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4.1 The  AI and its role in solving these 

challenges 

In general, AI plays a vital role in 

addressing complex challenges in various 

fields by providing advanced tools for data 

analysis, improving efficiency, and 

developing innovative solutions. The 

solutions provided by AI to solve the 

challenges that face the lifecycle analysis 

of green hydrogen production can include: 

See Figure (5). 

 Big data analysis: AI can process large 

amounts of data from multiple sources 

quickly and efficiently, helping to 

collect and analyze the data needed to 

assess the life cycle more accurately. 

 Predictive modelling: AI can be used to 

build predictive models that simulate the 

impact of market changes and new 

technologies on life cycle assessment, 

helping to improve the accuracy of 

assessments. 

 Improve efficiency: AI can optimize 

production processes by analyzing 

processes and identifying areas for 

improvement to increase efficiency and 

reduce environmental impact. 

 Machine learning (ML):  ML techniques 

can be used to analyze data patterns and 

predict potential challenges, helping to 

make informed decisions about 

improving production and reducing 

environmental impact. 

 Digitization and digital twinning: A 

digital twin, a virtual model of the 

production process, can be used to 

continuously analyze and improve the 

life cycle using real-time, real-time data, 

enhancing the accuracy of assessments 

and the ability to respond quickly to 

changes. 

 Automated LCA: AI can perform LCA 

automatically, reducing the need for 

human intervention and increasing the 

accuracy and efficiency of the process 

[24,25,26,27]. 

 

 
Figure (5): The AI role in Addressing Challenges 

 

5. Applications of AI in environmental and 

economic  LCA  of green hydrogen 

production 

Applications of AI in environmental and 

economic LCA of green hydrogen 

production include a wide range of tools and 

techniques that help improve efficiency and 

reduce costs and emissions. These tools 

include [25,26,27]: See Figure (6) 

 

  ML : 

- Predictive Analysis: Used to forecast 

future energy, resource and emissions 

needs [28]. 

- Predictive Models: Models based on ML 

to analyze data and predict potential 

outcomes based on different scenarios 

[29,24]. 

 Data Analytics: 
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- Data Collection: Tools to collect data from 

multiple sources such as sensors and 

monitoring systems [30]. 

- Data Processing: Techniques to clean and 

organize big data to gain accurate insights 

[31]. 

 Big Data Analytics: 

- Big Data Management: Using big data 

analytics systems to process massive 

amounts of data [32]. 

- Trend Analysis: Discovering patterns and 

trends in data to improve operations and 

reduce costs [33]. 

 AI 

- Deep Learning: Using deep neural 

networks to analyze complex data and 

extract patterns [34]. 

- Natural Language Processing: Analyzing 

documents and reports to identify 

environmental and economic factors [35]. 

 AI-Based Decision Support Systems: 

- Optimization: Tools to improve 

production processes and reduce resource 

consumption [36]. 

- Strategic Planning: Systems to provide 

recommendations on sustainable policies 

and investments [37]. 

 Simulation and Modelling Tools: 

- Process Simulation: Simulating 

production processes to identify critical 

points and improve efficiency [38]. 

- Life Cycle Assessment Models: Models 

to assess the environmental and economic 

impact of hydrogen production [39]. 

 Monitoring and Control Systems: 

- Real-time Emissions Monitoring: AI-

based systems to continuously monitor 

emissions [40]. 

- Resource Management: Tools to monitor 

and manage the use of resources such as 

water and electricity [41]. 

 Supply Chain Management Systems: 

- Logistics Optimization: Using AI to 

optimize transportation and storage 

operations [42]. 

- Demand Forecasting: Tools to forecast 

demand and improve production planning 

[43]. 

 Economic Analysis Tools: 

- Cost-Benefit Assessment: Analysis of the 

expected costs and benefits of 

implementing sustainable production 

technologies [44]. 

- Sensitivity Analysis: Evaluating the 

impact of changes in various factors on 

economic feasibility [45]. 
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Figure (6): the tools of AI in environmental and economic LCA of green hydrogen 

production. 

 

Using these tools, significant improvements 

in green hydrogen production can be 

achieved by improving efficiency, reducing 

emissions, and reducing costs, which 

contributes to achieving environmental and 

economic sustainability goals. 

The AI applications in the environmental 

and economic LCA of green hydrogen 

production include: 

 Data analysis includes data collection 

and processing where AI is used to analyze 

large amounts of data related to production, 

energy consumption, emissions, and 

resource use such as water.  ML techniques 

analyze and clean data to gain accurate 

insights into operations and production [46]. 

 Modelling and forecasting include 

predictive models where AI-based models 

are used to predict future energy, water, and 

emissions needs. Also, it includes scenario 

analysis where AI tools help analyze 

different scenarios to optimize processes 

and make informed decisions [47]. 

 Process optimization includes efficiency 

improvement where AI can be used to 

improve the efficiency of electrolysis 

processes and device design. Also, it 

includes resource reduction where AI 

techniques help optimize the use of 

resources such as water and reduce overall 

consumption [48]. 

 Emissions monitoring includes real-time 

emissions monitoring includes AI systems 

that are used to continuously monitor 

emissions and ensure compliance with 

environmental standards. Also, it includes 

emissions analysis where the analytical 

tools analyze data related to emissions to 

identify major pollution sources and provide 

recommendations for improvement [49]. 

 Supply chain management includes 

supply chain optimization where AI is used 

to analyze and optimize supply chains to 

ensure efficient transportation and storage 

and reduce waste. Also, it includes demand 

forecasting where forecasting techniques 

help plan production according to expected 

demand, reducing waste and increasing 

economic efficiency [50]. 

 Decision support includes providing 

recommendations where AI systems help 

decision-makers by providing 

recommendations based on data and 

advanced analytics. Also, it includes 
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strategic planning: Analytical tools are used 

to support strategic planning and 

investments in sustainable technology [51]. 

These applications combine data collection 

and analysis, modelling, and continuous 

improvement, contributing to making green 

hydrogen production more efficient and 

sustainable from both an environmental and 

economic perspective [28,29,30]. See 

Figure (7) 

 

 
Figure (7): The AI applications in the environmental and economic LCA of green hydrogen 

production. 

 

6. The role of AI in improving the 

effectiveness of green hydrogen 

production  LCA  

AI can improve the accuracy and 

effectiveness of data collection, build 

advanced predictive models, and experiment 

with scenarios to determine the best 

environmental and economic options for the 

life cycle of green hydrogen production in 

various ways: See Figure (8) 

 Advanced sensing technologies: Using 

sensors connected to AI to collect data 

from various sources in real-time, such as 

environmental sensors that measure air and 

water quality, or industrial equipment 

performance measuring devices [52]. 

 Data integration: Integrating data from 

multiple sources such as government 

databases, scientific research, and industry 

reports, using ML techniques to extract and 

analyze information more efficiently [53]. 

 Cleaning and pre-processing: Using AI 

algorithms to clean data and remove errors 

and duplicates, which improves the quality 

of the input data and enhances its accuracy 

[54]. 

  ML: Using ML techniques to analyze 

historical data and extract patterns and 

relationships between different variables, 

such as the relationship between energy 

consumption and environmental emissions 

[55]. 

 Deep neural networks: Applying deep 

neural networks to build predictive models 

capable of handling large and complex 

data, which enables estimating the long-

term impacts of hydrogen production on the 

environment and the economy [56]. 

 Scenario analysis: Using predictive models 

to simulate multiple scenarios, such as the 

impact of using different renewable energy 

sources (such as solar and wind) on the cost 

of hydrogen production and carbon 

emissions [57]. 

 Sensitivity analysis: Applying sensitivity 

analysis techniques to understand how 

different variables affect the outcome, 

helping to identify the most important and 

influential factors in the life cycle of 

hydrogen production [58]. 

 Optimization: Using optimization 

algorithms to determine the best set of 

operating conditions that minimize 

environmental and economic costs. For 

example, an optimal mix of renewable 
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energy sources can be identified to balance 

efficiency and cost [59]. 

 System simulation modelling: Using AI-

based system simulation tools to 

experiment with different scenarios and 

evaluate their impact on the entire life cycle 

of hydrogen production, enabling informed 

decisions based on accurate simulated data 

[60]. 

 
 

Figure (8):The role of AI in improving the effectiveness of green hydrogen production  LCA  
 

7. A Real-World Case Study 

 AI has been applied to the environmental and 

economic life cycle analysis (LCA) of green 

hydrogen production to improve efficiency 

and sustainability.H2GO Power's 

implementation of AI in the environmental 

and economic LCA of green hydrogen 

production showcases the tangible benefits of 

this technology. By enhancing efficiency, 

reducing costs, and improving sustainability, 

AI plays a crucial role in advancing the green 

hydrogen industry and supporting the 

transition to a clean energy future. 

 Case Study: H2GO Power - AI-Driven 

Green Hydrogen Production 

- Background: 

H2GO Power, a UK-based company, focuses 

on hydrogen energy storage solutions. They 

aim to produce green hydrogen using 

renewable energy sources and store it 

efficiently for later use. By integrating AI into 

its processes, H2GO Power enhances the 

efficiency and sustainability of its hydrogen 

production. 

- AI Applications: 

Advanced Sensing Technologies: 

H2GO Power uses AI-enhanced sensors 

throughout its production and storage 

facilities. These sensors monitor various 

parameters such as pressure, temperature, and 

hydrogen purity in real-time. AI algorithms 

analyze this data to ensure optimal operating 

conditions and quickly identify any anomalies 

that could indicate potential issues. 

- Data Integration: 

The company integrates data from various 

stages of its hydrogen production lifecycle, 

including renewable energy generation (e.g., 

solar and wind), electrolysis, and hydrogen 

storage. AI systems aggregate and analyze this 

data to provide a holistic view of the entire 

process, enabling more informed decision-

making. 

 

- Cleaning and Pre-processing: 

Raw data from sensors often contain noise and 

inaccuracies. H2GO Power employs AI to 

clean and preprocess this data, ensuring high-
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quality datasets for further analysis. This 

preprocessing step is crucial for accurate 

modelling and optimization efforts. 

- Machine Learning (ML): 

H2GO Power leverages machine learning 

models to predict equipment failures and 

optimize maintenance schedules. For example, 

AI analyses historical performance data from 

electrolyzer to predict when maintenance is 

needed, preventing unexpected breakdowns 

and reducing downtime. 

- Deep Neural Networks: 

AI-driven deep learning models help H2GO 

Power optimize the electrolysis process. By 

modelling the relationships between various 

operating parameters and hydrogen yield, 

these models enable real-time adjustments to 

maximize efficiency and minimize energy 

consumption. 

- Scenario Analysis: 

AI is used to simulate different production 

scenarios. For instance, H2GO Power can 

model the impact of varying renewable energy 

inputs on hydrogen production. These 

simulations help the company plan for 

different conditions, ensuring continuous and 

efficient hydrogen production even when 

renewable energy availability fluctuates. 

- Sensitivity Analysis: 

H2GO Power conducts sensitivity analyses 

using AI to understand how changes in 

different variables affect overall efficiency and 

sustainability. For example, AI can determine 

how fluctuations in electricity prices impact 

the cost-effectiveness of hydrogen production, 

helping the company make strategic decisions 

about when to produce and store hydrogen. 

- Outcomes: 

Increased Efficiency: By optimizing the 

electrolysis process and ensuring timely 

maintenance, H2GO Power has significantly 

increased the efficiency of its hydrogen 

production. 

Cost Reduction: AI-driven predictive 

maintenance and process optimization have 

reduced operational costs, making green 

hydrogen production more economically 

viable. 

Enhanced Sustainability: The integration of 

renewable energy sources and efficient energy 

management have reduced the carbon footprint 

of H2GO Power's operations, contributing to 

global sustainability goals. 

 

8. Conclusion  

The use of AI in analyzing the 

environmental and economic life cycle of 

green hydrogen production is a vital step 

towards achieving efficiency and sustainability 

in this promising field. With its ability to 

analyze massive data generated from different 

stages of production, AI can discover patterns 

and identify areas for improvement that 

enhance efficiency and reduce waste. AI-based 

forecasting and scenario analysis techniques 

also enable better planning and flexible 

response to future challenges, ensuring 

continuity of production under different 

conditions. 

The data integration capabilities of AI can 

combine different sources of information, 

providing a comprehensive view of the entire 

production process. By cleaning and pre-

processing the data, AI ensures that the 

information used for analysis is accurate and 

reliable, leading to better decision-making. 

Advanced machine learning algorithms and 

deep neural networks can then be applied to 

this data to uncover hidden insights, predict 

outcomes, and optimize operations. 

Moreover, AI contributes significantly to 

improving economic efficiency. By managing 

resources more effectively and reducing 

operational costs, AI can help reduce the 

overall cost of green hydrogen production. 

AI’s predictive maintenance capabilities allow 

for timely interventions before equipment 

failure, thus reducing unplanned downtime 

and extending the life of critical assets. This 

proactive approach ensures that the production 

process remains uninterrupted and efficient. 

On the integration front, AI can facilitate the 

seamless integration of different renewable 

energy sources with electrolysis processes. 

This integration ensures a balanced electricity 

supply, optimizes renewable energy 

utilization, and enhances the sustainability of 

the green hydrogen production process. AI can 

dynamically adjust processes based on real-

time data, ensuring that the production process 
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adapts to changes in energy availability and 

demand. 

From an environmental perspective, AI can 

significantly enhance the environmental life 

cycle assessment of green hydrogen 

production. Through accurate modeling and 

simulation of different production scenarios, 

AI helps identify strategies that minimize 

environmental impact while maximizing 

economic benefits. This capability is essential 

for developing sustainable production methods 

that are consistent with global environmental 

goals. 

In short, integrating AI into the environmental 

and economic life cycle assessment of green 

hydrogen production offers enormous 

potential for creating a sustainable and 

economically viable green hydrogen industry. 

This integration supports global sustainable 

development goals and efforts to reduce 

carbon emissions, contributing to a cleaner and 

more sustainable energy future. As AI 

technology continues to evolve, we can expect 

even greater progress in green hydrogen 

production, further strengthening its role as a 

cornerstone of sustainable energy solutions. 

Continued innovation in AI ensures improved 

efficiency, cost-effectiveness, and 

environmental stewardship, paving the way for 

a brighter, more sustainable future for all. 
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