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Abstract: Green chemistry aim is to reduce pollution, energy usage and environmental damage caused by chemical reactions 
through selection of sustainable processes. This work focuses on Ni (Nickel) catalyst based Suzuki-Miyaura cross-coupling 
reactions taken from Open Reaction Database (ORD). The system processes reaction data and calculates green chemistry 
metrics such as Atom Economy (AE), Reaction Mass Efficiency (RME), Environmental Factor (E-Factor), Energy 
Consumption and CO₂ Emission. These metrics are analyzed through statistical methods such as Confidence Interval (CI), 
pairwise catalyst comparison (p-test), Analysis of Variance (ANOVA), Cohen's d effect size, eta-squared and Pearson correlation 
to evaluate the statistical significance of catalyst selection on reaction yield. A rule based Recommendation System operates on 
observed reaction patterns. A Custom Reaction Evaluator is also include to compute metrics from user defined reaction 
conditions. The system is developed using Streamlit based interactive dashboard where users can filter reactions and compare 
different conditions using interactive graphs along with downloadable report in PDF, DOCX and CSV formats. 
Keywords: Green Chemistry Metrics, Ni-Catalyzed Suzuki-Miyaura Reaction, Open Reaction Database, Streamlit Dashboard 
and Statistical Catalyst Analysis. 
 

I. INTRODUCTION 
In chemistry, reactions are mostly judged by how much product is formed. But this completely ignores what happens to the 
environment, how much waste is generated, how much energy is consumed and what materials are used up. Many reactions that 
look successful in lab may actually be producing large amounts of waste which makes them poor choice for sustainable chemistry. 
Green chemistry came as a solution to this by focusing on safer reaction design, less resource usage and lower environmental 
damage. But the real problem is that sustainability metrics are almost never reported alongside reaction data in literature and 
calculating them manually is both time consuming and error prone. 
Open Reaction Database (ORD) changed this by making large scale structured reaction data publicly available with details on 
conditions, catalysts, solvents and outcomes. Ni-catalyzed Suzuki-Miyaura reactions are selected here because nickel (Ni) is 
cheaper and generally considered more eco-friendly than palladium which is traditionally used. But just because a catalyst is 
cheaper does not automatically make the reaction sustainable, full metric evaluation is still needed. By converting ORD data into 
green chemistry metrics and applying statistical analysis, this work allows proper multi-condition catalyst comparison without 
manual effort. 
This work presents an interactive Streamlit dashboard for sustainability analysis of chemical reactions on one single platform. Users 
can filter reactions, view interactive charts and understand relationships between yield, waste, energy and environmental impact. 
Report export in PDF, DOCX and CSV is also supported for documentation purpose. 
 

II. LITERATURE SURVEY 
The Open Reaction Database (ORD) in [1] presents an open database to store chemical reaction data in a standard format. The 
authors mainly focus on making reaction data reusable, complete and easy for computer processing. This is one of the backbone of 
entire work to build any chemistry background application. The GitHub repository in [2] provides the technical implementation of 
ORD, which has data schema, protocol buffer formats and validation rules for reaction records. It focuses on reaction data that is 
stored in a structured and machine readable way, which supports large amount of data processing and reuse of experimental 
reactions for computational analysis. It does not include interpretation of reaction quality or sustainability metrics, so external 
analysis systems are required to evaluate reaction performance. Authors review in [3] presents a detailed discussion of green 
chemistry metrics such as AE, RME, E-factor, Process Mass Intensity (PMI) and eco-scale. They explain the difference between 
theoretical metrics like AE and practical metrics like RME, which includes yield and material usage.  
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The paper concludes that single metric is insufficient and recommends combining multiple indicators to assess greenness. However, 
the study is limited to analytical chemistry and does not include statistical analysis which are addressed in this work. The review 
paper by Sheldon in [4] explains E-factor concept and its importance in the development of green chemistry. The author highlights 
that E-factor shifts focus from yield-based evaluation to waste reduction and resource efficiency in chemical processes. They 
discusses how metrics such as E-factor, AE and PMI help to identify reactions that generate large amounts of waste particularly in 
fine chemical and pharmaceutical industries. However, the paper does not provide a computational tool for applying these metrics in 
software tools. The work in [5] reviews the E-factor and its role in promoting waste prevention in chemical processes. It explains 
that the E-factor helped to shift attention from only yield to the amount of waste produced in reactions and discusses how waste 
relates to major environmental issues like climate change and pollution. This also highlights the importance of using catalysts, 
alternative solvents, renewable resources and energy-efficient methods to reduce waste. However, it does not provide a specific 
software tool for calculating these metrics.  
Work in [6] presents a different reaction metrics used in green chemistry analysis. The author explains how primary metrics like 
reaction yield, AE can be combined into a general RME and linked to the E-factor. The paper shows how these relationships help 
compare the efficiency of different synthetic routes and identify the best or worst reactions in a process. However, it focuses on 
theory and spreadsheet implementation and does not provide a full software dashboard to visualize metrics from large experimental 
datasets. The AI4Green system in [7] is an open source Electronic Lab Notebook (ELN) designed for sustainable chemistry. It 
allows users to manually enter reaction details and automatically calculates green chemistry metrics. It also shows chemical hazards 
using colour codes. The system supports report export in PDF and CSV formats that are mainly used for academic and industrial 
laboratory. However, AI4Green works only for single reactions which entered manually and does not support bulk reaction data 
processing, analysis or comparison. Hae-Young Kim in [8] describe how ANOVA and post-hoc multiple comparison tests should 
be used when more than two groups are compared. The author explains that ANOVA can only confirm whether a difference exists 
or not, but it cannot show which specific groups are different. Because of this, post-hoc methods like Tukey, Tukey-Kramer, 
Bonferroni and Scheffé are needed for pairwise comparison when group sizes are not equal. This methodology helps to use the 
statistical approach for this work, where ANOVA is also applied to check overall differences in catalyst yield and p-value tests are 
used to identify which catalyst groups differ significantly. The authors in [9] discuss Ni-catalyzed Suzuki-Miyaura cross-coupling 
reactions using greener solvents as they contribute a major portion of waste in chemical synthesis and summarize the importance of 
solvent choice for sustainable reactions. In this work, solvent effect is not studied separately, but it is automatically included in 
waste-based metrics such as E-factor and PMI for molecular weight. This shows why mass-based sustainability metrics are useful 
even without directly selecting solvents. The work in [10] presents a data-driven approach to analyse reaction sustainability by 
systematically calculating green chemistry metrics for a large set of reactions. The authors show how using structured data makes it 
possible to compare reactions based on AE, E-factor and other waste metrics and shows patterns in reaction efficiency across 
reaction types. It highlights the importance of automated metric calculation for large datasets and suggests that data standardization 
improves the quality of sustainability analysis.  
Authors in [11] guides to a method to rank common and bio-derived solvents based on safety, health and environmental criteria. 
The authors combine data from existing industrial solvent guides and classify solvents into recommended, problematic, hazardous 
and highly hazardous categories. This study highlights that solvents contribute a large portion of material usage in drug synthesis, so 
choosing safer solvents can reduce environmental impact. However, the work mainly provides solvent ranking guidelines and does 
not calculate reaction level metrics such as E-factor or PMI, which limits direct comparison between complete chemical reactions. 
Work in [12] give reviews about how digital chemical data and software tools can help to find more sustainable reaction pathways 
from large reaction databases. The authors explains that current sustainability evaluation is slow, manual and they suggest that 
linking data, sustainability metrics and decision-making tools could help automate the search for greener reactions. This work 
supports our idea that structured reaction data needs to be combined with automated metric calculation and analysis. Authors in [13] 
discusses barriers to implementing green chemistry in pharmaceutical industry and proposes Green Aspiration Level (GAL) metric 
to quantify the environmental impact of chemical production processes. The absence of clear and standardized sustainability metrics 
makes it difficult to compare the greenness of different synthesis routes. The GAL concept helps measure how close a chemical 
process is to best achievable environmentally friendly process used in industry. However, the work focuses on industrial process 
level evaluation and does not analyse reaction datasets, which highlights the need for data-driven systems that compute green 
metrics from reaction databases. Sheldon in [14] reviews the development of green chemistry and sustainability metrics used to 
evaluate chemical processes. Metrics such as AE, E-factor, carbon efficiency help to measure environmental impact of chemical 
reactions and industrial processes.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue V May 2026- Available at www.ijraset.com 
     

 4477 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 
 

The work also discusses how these metrics evolved over time and how they support pollution prevention and resource efficiency in 
chemical manufacturing. This study supports the idea of using quantitative sustainability metrics to evaluate reaction environmental 
impact using data-driven analysis. The authors in [15] proposes a simple quantitative method to compare different chemical 
synthesis routes based on their resource usage and environmental impact. They presented the Environmental Assessment tool for 
Organic Syntheses (EATOS) tool, which helps to calculate these values using available reaction data. This work supports the idea 
that quantitative metrics are useful for evaluating reaction sustainability, but it focuses on comparison of individual reaction rather 
than analysing large reaction datasets.  
An Author team discuss the use of PMI in [16] as an important metric to evaluate environmental performance of chemical reactions, 
which helps to estimate waste generation and resource usage. They also mentioned that PMI can be misunderstood if calculation 
boundaries are not clearly defined and gave guidelines to apply this metric correctly during reaction development. This study 
supports the use of mass-based sustainability indicators like PMI and E-factor, which are also used in this work to evaluate 
environmental impact. Jonathan H. Chen and Pierre Baldi in [17] presents a rule-based expert system designed to support decision 
making on chemicals using predefined reaction rules. The system uses reusable reaction rules and reagent models that represent 
different reaction conditions such as catalyst type and solvent. These rules are ranked based on observed chemical patterns to 
determine the most likely reaction results. This study is similar to the rule-based recommendation approach used in this work to 
suggest reaction conditions based on observed data patterns. Work in [18] explains the concept of confidence interval (CI) and how 
it is used to estimate the reliability of statistical results. CI gives a range of values within which the true population value is 
expected to lie based on sample data. This helps to understand precision of estimates and support interpretation of statistical results. 
This concept supports the use of CI analysis to evaluate the reliability of catalyst yield values obtained from reaction datasets. 
Authors in [19] explains different types of correlation coefficients used to measure the relationship between two variables, common 
methods such as Pearson’s r, Spearman’s rho, Kendall’s tau and explains when each method should be used depending on the data 
type. Among these, Pearson method is suitable for measuring linear relationship between continuous variables. Pearson correlation 
gives a value between −1 and +1, where positive values show variables increase together and negative values show an opposite 
relation. It also explains how correlation helps to understand patterns and relationships in data. This concept supports to observe 
relationships between reaction sustainability metrics and reaction performance. Francisco Pena-Pereira et. al., in [20] introduces 
Analytical GREEnness (AGREE), a metric system used to evaluate the greenness of analytical procedures based on principles of 
green analytical chemistry. This tool converts multiple sustainability criteria into a single score and shows the result using a visual 
pictogram for easy interpretation. This study supports the idea of evaluating chemical methods using quantitative sustainability 
metrics, which is similar to the metric-based evaluation approach used in this work. 

 
III. PROPOSED SYSTEM 

A web based analytical dashboard developed using Streamlit framework with Python as the primary programming language. The 
system is designed as a modular pipeline where each module handles one specific responsibility and passes its output to the next 
module. The overall architecture consists of five interconnected modules which are as shown in Fig. 1. 

 
Fig. 1: Flowchart of Proposed System 
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Data Parser module reads raw ORD records stored in protocol buffer (.pb) binary format using protobuf library. ORD is an open 
access community driven repository which stores standardized experimental chemical reaction records with details of conditions, 
catalysts, solvents and measured outcomes. Since experimental parameters like temperature and time can be recorded in different 
units across different records, unit normalization to Celsius and hours is applied during extraction itself. All valid records are stored 
as structured in pandas DataFrame and passed to Green metrics module, which takes this cleaned data and applies green metrics 
uniformly across all reactions. All these calculations are done automatically using same logic for every reaction so there is no 
chance of human error and comparison is consistent. 
Analytical module receives the enriched dataset and performs all statistical operations using SciPy library. Same module also 
handles recommendation generation using eq. 13 and custom reaction evaluation by passing user entered conditions which 
undergoes eq. 1 to 6 present in section IV. This ensures custom results are directly comparable with ORD reactions. Visualization 
module takes outputs from analytical and metric module and presents them as interactive charts using Plotly library. A sidebar panel 
allows user to filter active dataset by yield range, catalyst type and E-Factor limit. Report generation module uses ReportLab library 
for PDF export and python-docx library for DOCX export. CSV export is also available using pandas for users who want raw 
tabular data for further analysis. The complete module is presented through a multi-tab web interface and user can interact with any 
tab independently and apply filters at any point and all modules respond accordingly giving complete sustainability assessment 
experience within single platform. 
 

IV. METHODOLOGY 
The methodology followed in this work processes raw chemical reaction data through a structured computational pipeline to 
produce green chemistry sustainability insights. Each sub-section below describes the working logic of one stage in this pipeline. 
 
A. Data Collection and Parsing 
Data is collected from Open Reaction Database (ORD), where it stores data in protocol buffer (.pb) binary format which is not 
directly readable so we need to parse it. Data parser module reads each record and extract important reaction parameters like 
catalyst name, solvent type, temperature (°C), reaction time (hours) and product yield (%). If any record is having missing yield 
value or invalid data then it is removed during parsing phase. After parsing all valid records are stored in pandas DataFrame so that 
all reactions are in consistent format and ready for further analysis. 
 
B. Green Chemistry Metrics Computation 
The system calculates green metrics for each reaction. Since these data does not include molecular weights (MW), standardized 
assumptions are applied to all based on common green chemistry methods as in [3] and [6]. Fixed values like aryl halide MW = 150 
g/mol, boronic acid MW = 140 g/mol, product MW = 200 g/mol, catalyst loading = 5 mol% (MW = 300 g/mol) under Ni-catalyzed 
Suzuki conditions in [9] and solvent volume = 2.0 mL are used. These assumptions ensure all reactions are evaluated in same way 
for fair comparison. So, the calculated metrics show relative sustainability differences rather than exact molecular accuracy. Below 
are the metrics calculated by the system: 

1) Atom Economy (AE): Measures how efficiently reactant atoms are converted into desired product, where higher AE means 
lower atomic waste. It is considered a fundamental sustainability metric in [3] and [14]. 

AE =
Molecular Weight of Desired Product
∑  Molecular Weights of Reactants

× 100                    (1) 

2) Reaction Mass Efficiency (RME): Measures how much reactant mass actually forms product by considering both reactant 
mass and experimental yield, making it more practical than AE alone is shown in [6]. 

RME =
Mass of Product

Total Mass of Reactants
× 100                      (2) 

3) E-Factor: Measures waste generated relative to product mass, where lower value indicates more sustainable reaction and 
lower environmental impact, as discussed in [4] and [5]. 

E-Factor =
Total Waste Mass
Mass of Product

                    (3) 

4) Process Mass Intensity (PMI): Measures total mass input that is needed to produce one unit mass of product, which is 
highlighted in [16]. 
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PMI =
Total Mass Input
Mass of Product

                    (4) 

5) CO₂ Emissions: These are calculated from energy consumption using fixed emission factor, is presented in [13]. 
CO₂ Emissions (kg) = Energy (kWh) ×  Emission Factor (kg CO₂/kWh)                    (5) 

Where,  
Energy (kWh) = k × Reaction Time (h) × Temperature Factor                     (6) 

Here, k represents a fixed proportional constant used to approximate energy demand under standardized laboratory assumptions. 
This estimation allows consistent comparison of energy usage across reactions even when exact equipment specifications are 
unavailable. 
6) Overall Green Score: This is a composite weighted score that combines all above metrics into single value, thus reactions 
can be directly compared with each other which is discussed in [3] and [20]. Apart from this, each solvent present in the reaction 
record is also given a greenness score on scale of 1 to 10 based on solvent selection criteria as discussed in [11] where water and 
bio-based solvent have highest score and halogenated solvents are lowest. This solvent score is also included in overall green 
score calculation to consider solvent sustainability in reaction ranking. 
 

C. Analytical Metrics 
1) Statistical Analysis 
Calculating green score for each reaction alone is not enough to make a proper conclusion. For Larger datasets, where same catalyst 
is tested many times in different conditions, average values can be misleading. Sometimes a catalyst tested fewer times may look 
better just by chance, not because it is actually more sustainable. So, statistical methods are used to check if the differences are real 
or just random, making the conclusion more accurate. 

a. Analysis of Variance (ANOVA): One way ANOVA is used to compare reaction yields between catalyst groups by 
analyzing variation within and between groups. Before applying ANOVA, normality is checked using Shapiro-Wilk test. If data 
is normal, parametric ANOVA is used, otherwise Kruskal-Wallis test is applied. F-value and p-value determine whether catalyst 
choice significantly affects yield or differences are random. If p < 0.05, catalyst effect is considered significant. 

ܨ =
௕௘௧௪௘௘௡ܵܯ
௪௜௧௛௜௡ܵܯ

                    (7) 

Where, 

௕௘௧௪௘௘௡ܵܯ =
ܵܵ௕௘௧௪௘௘௡
݇ − 1   and  ܵܯ௪௜௧௛௜௡ =

ܵܵ௪௜௧௛௜௡
ܰ − ݇  

Here, k is number of catalyst groups, N is total reactions, SS is sum of squares and MS is mean square. 
b. Post-hoc Pairwise Comparison (p-test) and Effect Size: After ANOVA, pairwise tests are used to identify which catalyst 
pairs differ significantly under same experimental conditions. Practical significance is measured using Cohen’s d in [8]. 

݀ =
∣ ଵݔ̄ − ଶݔ̄ ∣
௣௢௢௟௘ௗݏ

                    (8) 

Where, 

௣௢௢௟௘ௗݏ = ඨ
(݊ଵ − ଵݎܽݒ(1 + (݊ଶ − ଶݎܽݒ(1

݊ଵ + ݊ଶ − 2                     (9) 

Here, x̄ is mean yield of a catalyst group, n is number of reactions available for that catalyst in the dataset and var is variance of 
yield values within that catalyst group. where, values of d < 0.2 is negligible, 0.2-0.5 is small, 0.5-0.8 is medium and > 0.8 is 
large difference. 
c. Eta-Squared (η²) Analysis (Catalyst Importance): It measures how much total yield variation is explained only by catalyst 
selection in [8]. Higher η² value means catalyst choice has stronger influence on yield. 

ଶߟ =
ܵܵ௕௘௧௪௘௘௡
ܵ ௧ܵ௢௧௔௟

                    (10) 

Where, η² > 0.14 indicates large catalyst influence on yield outcome. 
d. Confidence Interval (CI) Estimation: CI estimates the range where true average catalyst yield is likely to fall, also helps to 
evaluate correctness when sample size is small or data variation is high. It is calculated using t-distribution as discussed in [18].  
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ܫܥ = ݔ̄ ± ఈ/ଶ, ௡ିଵݐ ×
ݏ
√݊

                    (11) 

Here, t(α/2, n-1) is critical t-value at 95% confidence level with n-1 degrees of freedom and s is standard deviation of yield 
values for that catalyst group. Narrow CI indicates consistent results, while wide CI indicates high variation or insufficient data. 
e. Correlation Based Sensitivity Analysis: Pearson correlation (r) measures linear relationship between sustainability metrics 
like yield, E-factor, RME, PMI, energy and CO₂ as in [19] where values range between -1 to +1. These correlations are used to 
generate heatmap analysis in dashboard. 

ݎ =
௜ݔ)∑ − ௜ݕ)(ݔ̄ − (ݕ̄

ඥ∑(ݔ௜ − ଶ(ݔ̄ ⋅ ௜ݕ)∑ − ଶ(ݕ̄
                    (12) 

Here, x̄ is mean of first sustainability metric across all reactions, ȳ is mean of second sustainability metric across all reactions, xᵢ is 
individual reaction value of first metric and yᵢ is individual reaction value of second metric. Where, values near ±1 show strong 
relationship and near 0 show weak relationship. 

 
2) Expert Recommendation System:  
This rule-based expert system approached in [17], where the recommendation module predicts suitable reaction conditions using 
reaction patterns without requiring machine learning models. Each reaction is evaluated using a composite score that balances yield 
and environmental impact equally by normalizing E-factor to a 0–100 scale.  

= ݁ݎ݋ܿܵ ݁ݐ݅ݏ݋݌݉݋ܥ  (0.5 ×  ܻ݈݅݁݀) + ൬0.5 ×
100

1 +  E-Factor
൰                    (13) 

This module has three options where best balanced priority option selects reaction with highest composite score, while yield priority 
selects maximum yield reaction and sustainability priority selects minimum E-factor reaction. All recommendations update 
dynamically based on filters which is applied by user. 
 
3) Custom Reaction Evaluator:  
Custom Reaction Evaluator is another useful feature where user can enter their own hypothetical reaction conditions like solvent, 
temperature (°C), reaction time (hours), scale (mmol) and expected yield (%). The system calculates all green metrics for user-
entered conditions using the same computation applied to the dataset. This is helpful for researchers who want to check 
sustainability of a reaction before actually doing experiment in lab. 
 
D. Interactive Visualization 
The calculated metrics are shown in dashboard which is having multiple tabs. User can apply filters like yield range, catalyst type 
and E-factor limit and all charts will update in real time. These visualizations are also help to view more detail (such as numerical 
values) within graph and some graph have annotations which gives conclusion of entire graph which is dynamic and works through 
filter. 
 
E. Report Generation 
After completion of analysis, user can download the results. System supports three formats for export. CSV format is for tabular 
data. PDF format gives formatted analytical report with charts and tables. DOCX format is editable word document. Report 
generation is fully automated in backend and it ensures that whatever is shown on dashboard is same as what is in downloaded 
report. 
 

V. RESULT AND DISCUSSION 
The system was evaluated using Ni-catalyzed Suzuki-Miyaura reaction records extracted from ORD. Results across all analytical 
modules are discussed below. 
 
A. Green Chemistry Metrics Output 
After computing sustainability metrics for all valid reactions, yield showed wide variation from 1% to 88% with an average of 
29.7%, indicating strong influence of catalyst and solvent conditions. AE remained constant at 68.97% due to fixed molecular 
assumptions, while RME varied with yield, reflecting actual mass efficiency differences. E-Factor showed high variation, where 
solvent-intensive reactions produced significantly higher waste, confirming solvent as major contributor to environmental impact. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue V May 2026- Available at www.ijraset.com 
     

 4481 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 
 

Average CO₂ emission was approximately 0.32 kg per reaction, influenced by temperature and reaction time. Fig. 2 compares AE 
(Fig. 2.1), RME (Fig. 2.2) and E-Factor (Fig. 2.3) for top yield reactions. Showing that high AE does not always correspond to low 
E-Factor, proving that multiple metrics must be evaluated together for accurate sustainability assessment. 

 
Fig. 2.1: AE                                                                     Fig. 2.2: RME                                                                     Fig. 2.3: E-

Factor 
Fig. 2: Comparative Analysis of Green Chemistry Metrics for Top Yield Reactions 

 
Fig. 3 shows yield vs E-Factor scatter plot where each point represents a reaction coloured by catalyst type, with green region 
indicating ideal high yield and low waste zone. Most reactions lie outside this zone, showing only few catalyst combinations 
achieve both high yield and low E-Factor. The trend line indicates a moderate negative correlation, meaning higher yield reactions 
generally produce less waste per unit product. 

 
Fig. 3: Yield vs E-Factor Scatter Plot with Ideal Zone and Trend Line 

 
B. Statistical Analysis Output 
One-way ANOVA on yield across catalyst groups showed statistically significant effect (p < 0.05), confirming catalyst choice 
strongly influences sustainability outcomes. Cohen’s d indicated medium to large practical differences, and η² showed catalyst 
selection explains a substantial portion of yield variation. Fig. 4 presents 95% CI error bars for mean yield, where narrow intervals 
indicate consistent catalyst performance while wide intervals suggest high variation or limited data. This confirms statistical 
analysis is essential beyond simple averages to identify reliable catalysts. 
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Fig. 4: Confidence Interval Plot for Catalyst Yield Comparison 

 
Pearson correlation analysis showed strong positive correlation between E-Factor and PMI, while yield had moderate negative 
correlation with E-Factor consistent with Fig 3. Energy consumption and CO₂ emissions also showed strong positive correlation, as 
CO₂ is directly derived from energy in this system. 
 
C. Custom Reaction Evaluator Output 
Fig. 5 evaluates using multiple hypothetical inputs with varying scale, solvent, temperature and reaction time. For each case, the 
system computes full green metrics and compares them with dataset for yield, E-Factor and Green Score. The obtained results 
follow the same trends observed in ORD dataset analysis, showing that the computation pipeline gives consistent and comparable 
outputs for both real and user-defined reactions. 

 
Fig. 5:  Custom Reaction Evaluator output for a hypothetical Ni-catalyzed reaction 
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VI. CONCLUSION 
Green Chemistry Dashboard was built to make sustainability evaluation of chemical reactions simpler and more reliable than 
manual methods. The system takes real reaction data from ORD, computes green chemistry metrics, runs statistical analysis and 
presents everything through interactive visualizations in one platform. By combining all metrics into a single dashboard, users can 
compare catalyst performance and reaction conditions. Statistical methods further strengthen the analysis by confirming whether 
observed differences between catalysts are statistically real or just random variation. This work shows that data driven sustainability 
analysis gives much better insight into catalyst performance than just looking at yield alone. Features like Expert Recommendation 
System, Custom Reaction Evaluator and multi-format report generation make it useful for both documentation purposes. 
In short, the dashboard provides a simple and effective platform for sustainability analysis of chemical reactions. The system can be 
further improved by implement Machine Learning and larger datasets in future, but the current dashboard processed and visualized 
reaction data consistently without any major issues and all modules worked as expected. 
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