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Introduction

This case study documents the development process, methodology, and outcomes of

the AI  Footprint  Calculator  project—a tool  designed to  estimate the environmental

impact of various AI activities, including cloud-based models, locally executed models,

and complex agentic workflows.

The case study explores how human orchestration and AI capabilities were combined

to transform scientific research into an accessible, educational tool for understanding

and offsetting the environmental footprint of artificial intelligence systems.
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Project Overview

The  AI  Footprint  Calculator  was  developed  to  address  the  growing  environmental

impact of artificial intelligence systems. As AI becomes increasingly integrated into our

digital  infrastructure,  understanding  and  quantifying  its  environmental  footprint

becomes essential for sustainable development and responsible innovation.

Artificial intelligence systems consume significant computational resources, resulting

in substantial energy usage, water consumption (for cooling), and carbon emissions.

However, these environmental impacts often remain invisible to users and developers.

The lack of accessible tools to estimate these impacts creates a knowledge gap that

hinders informed decision-making and environmental responsibility in AI development

and deployment.

The AI industry lacks standardized, user-friendly tools to estimate the environmental

footprint  of  different  AI  activities,  from  cloud-based  inference  to  locally  executed

models and complex agentic systems.

Project Objectives

The AI Footprint Calculator was developed with the following key objectives:

Create a comprehensive tool to estimate energy consumption, water usage, and

carbon emissions of various AI activities

Provide tiered calculation systems for different AI categories (cloud, local, agentic)

Present results in an accessible, educational format with contextual equivalencies

Offer actionable offsetting guidance and recommendations

Ensure transparency in methodology and calculations

Deliver a user-friendly interface following minimalist design principles

Project Scope

The MVP (Minimum Viable Product) scope included:

Cloud AI Calculator: Tiered system for different AI categories with energy and

environmental impact estimates

Local AI Calculator: Hardware-specific calculations for models running on

personal devices

Agentic AI Calculator: Estimation for complex AI workflows that orchestrate

multiple models

• 

• 

• 

• 

• 

• 

• 

• 
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Results Dashboard: Visualization of environmental impacts with contextual

equivalencies

Offsetting Guidance: Educational content and actionable recommendations

Methodology Documentation: Transparent explanation of data sources and

calculation methods

User authentication and data persistence features were explicitly excluded from the

MVP scope based on client requirements.

Development Approach

The project followed a structured, research-based development approach:

Requirements Analysis: Thorough review of scientific research and

environmental impact data

Planning and Architecture: Selection of appropriate technology stack and

modular design

Implementation: Development of calculation engine and user interface

components

Testing and Validation: Verification of calculation accuracy and usability

Deployment and Refinement: Public access and iterative improvements

The  development  process  leveraged  structured  human-AI  collaboration,  with  the

human  providing  comprehensive  foundational  documents,  clear  objectives,  and

iterative feedback, while the AI focused on implementation details, data processing,

and content generation.

Value Proposition

The AI Footprint Calculator provides several key benefits:

Awareness: Makes the invisible environmental costs of AI visible and quantifiable

Education: Helps users understand the relative impacts of different AI activities

Action: Provides concrete offsetting recommendations and guidance

Transparency: Offers clear methodology and data sources for all calculations

Accessibility: Presents complex environmental data in an understandable format

By providing  these benefits,  the  calculator  aims to  promote  more  environmentally

conscious decision-making in AI development, deployment, and usage.

• 

• 
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Methodology

The  AI  Footprint  Calculator  is  built  on  a  foundation  of  scientific  research  and

environmental  impact data.  This  section details  the methodological  approach,  data

sources, and calculation frameworks that power the calculator's estimations.

Research-Based Development

All  calculations  in  the  AI  Footprint  Calculator  are  based on scientific  research  and

published  data  on  AI  systems'  environmental  impacts.  The  development  process

began with a thorough review of key research documents:

Estimating the Energy Footprint of Locally Executed Artificial Intelligence Models

Environmental Footprint of AI Systems: Data for Calculator Tier Population

AI Footprint Calculator Research

AI Footprint Offsetting Research

Aggregated Environmental Footprint Totals and Actionable Offsetting Guidance

These  documents  provided  the  scientific  foundation  for  the  calculator's  estimation

methodologies, ensuring that all calculations are grounded in peer-reviewed research

and industry benchmarks.

Calculation Methodologies

Cloud AI Footprint Calculation

The Cloud AI calculator uses a tiered system to categorize different AI models and

services:

Cloud AI Footprint = Model Tier Factor × Usage Volume × Regional Grid Factor

Key components of this calculation include:

Model Tier Factors: Energy and water consumption rates for different categories

of cloud AI models (e.g., large language models, image generation models)

Usage Volume: Quantification of AI usage (e.g., number of queries, tokens, or

images)

Regional Grid Factors: Carbon intensity of electricity generation in different

geographic regions

• 

• 

• 
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Local AI Footprint Calculation

The Local AI calculator estimates the environmental impact of running AI models on

personal hardware:

Local AI Footprint = Hardware Profile Power Draw × Utilization Factor × Duration ×

Regional Grid Factor

Key components include:

Hardware Profiles: Power consumption specifications for different GPU and CPU

configurations

Utilization Factor: Percentage of hardware capacity used during model execution

Duration: Time spent on AI tasks

Regional Grid Factors: Carbon intensity of local electricity generation

Agentic AI Footprint Calculation

The  Agentic  AI  calculator  addresses  complex  AI  systems  that  orchestrate  multiple

models:

Agentic  AI  Footprint  =  Σ(Component  Model  Footprints)  ×  Orchestration  Overhead

Factor

This calculation accounts for:

Component Models: The individual AI models used within the workflow

Orchestration Overhead: Additional computational costs of managing and

coordinating multiple models

Interaction Patterns: How different models are sequenced and combined

Environmental Impact Metrics

The calculator provides estimates across three key environmental impact dimensions:

Energy Consumption (kWh): Total electricity used by AI operations

Water Usage (Liters): Water consumed for cooling data centers and power

generation

Carbon Emissions (kg CO₂e): Greenhouse gas emissions expressed as carbon

dioxide equivalent

These metrics are calculated using Power Usage Effectiveness (PUE) and Water Usage

Effectiveness  (WUE)  factors  that  account  for  the total  resource requirements  of  AI

infrastructure beyond direct computation.

• 

• 

• 
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Equivalency Generation

To  contextualize  abstract  environmental  metrics,  the  calculator  generates

equivalencies that translate impacts into everyday terms:

Energy consumption equivalent in household electricity usage

Water usage equivalent in drinking water, showers, or dishwasher cycles

Carbon emissions equivalent in car miles driven or flights taken

These equivalencies help users understand the relative scale of their AI environmental

footprint in familiar terms.

Assumptions and Limitations

The calculator acknowledges several important assumptions and limitations:

Estimates are based on average values and may not reflect specific hardware or

data center configurations

Cloud provider efficiency improvements are not automatically incorporated as they

evolve

Embodied carbon (from manufacturing hardware) is not included in the current

calculations

Some emerging AI modalities have limited public benchmark data available

These  limitations  are  transparently  communicated  to  users  to  ensure  appropriate

interpretation of results.

Validation Approach

The calculator's estimates were validated through:

Comparison with published research on specific model energy consumption

Cross-referencing with cloud provider sustainability reports where available

Sensitivity analysis to identify reasonable ranges for uncertain parameters

Transparent documentation of all data sources and calculation methods

This validation approach ensures that while estimates may contain uncertainty, they

provide reasonable and useful approximations of AI environmental impacts.

• 
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Human-AI Collaboration

The development of the AI Footprint Calculator represents a case study in effective

human-AI collaboration. This section explores the structured approach that enabled

the  successful  creation  of  a  complex  environmental  assessment  tool  through  the

partnership between human orchestration and AI capabilities.

Structured Collaboration Model

The development process followed a document-centric, goal-driven methodology that

leveraged the complementary strengths of human and AI participants:

The human provided comprehensive foundational  documents,  clear  objectives,  and

iterative  feedback,  while  the  AI  focused  on  understanding,  extracting,  and

synthesizing domain-specific information to implement the technical solution.

This  approach created a highly specialized and effective assistant  for  the complex

research  and  planning  phase,  leveraging  core  AI  capabilities  in  language

understanding, information processing, and structured content generation.

Key Elements of Effective Collaboration

Provision of Comprehensive Foundational Documents

The  human  provided  detailed,  pre-existing  research  documents  as  the  primary

knowledge source for the project. This strategy was highly efficient as it allowed the AI

to focus on understanding, extracting, and synthesizing domain-specific information

rather than performing broad, potentially less targeted external searches.

The foundational documents included:

Detailed blueprint with specifications for the application

Research on energy footprints of locally executed AI models

Data for calculator tier population

Research on AI footprint offsetting

Aggregated environmental footprint totals and offsetting guidance

Clear High-Level Objectives

The human consistently articulated the overall goal for each phase of the project, such

as "define MVP scope," "create a style guide," and "populate tiers with data from this

• 

• 

• 

• 

• 
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new research." This helped the AI understand the context and relevance of specific

tasks within the broader project.

Structured and Detailed Prompts

When requesting  significant  outputs  like  sections  of  the  blueprint  or  the  technical

summary, the human provided detailed outlines, specific headings to use, and clear

content requirements. This structured guidance minimized ambiguity and enabled the

AI to generate outputs that closely matched the human's needs.

Specific Constraints and Examples

Directives  such  as  "match  the  style  of  www.TowerIO.info,"  "use  Markdown  for  all

outputs,"  and  "ensure  no  external  file  references  in  this  final  blueprint"  provided

concrete examples and constraints that helped the AI deliver precise results.

Iterative Feedback Loop

The human engaged in reviewing outputs and providing specific, actionable feedback,

such as "this energy figure seems too low for Tier 3 video," "clarify the distinction

between  recurring  and  project-based  goals,"  and  "the  button  hover  should  invert

colors." This iterative process allowed for progressive refinement and alignment with

the human's vision.

Technical Challenges and Solutions

Synthesizing Quantitative Estimates in Low-Data Areas

One of the most complex challenges was generating footprint estimates for emerging

AI  modalities  like advanced video and audio generation,  or  for  specific proprietary

models  where  public  benchmark  data  was  limited.  The  solution  involved  finding

available anchors in the data, however indirect, and then applying logical scaling or

comparative reasoning as guided by the human collaborator.

Balancing Granularity with User-Friendly Abstractions

For features like the local AI hardware profiles, the foundational research contained

extensive  component  data.  Translating  this  into  a  limited  set  of  easily  selectable

"Hardware Categories"  for  the MVP's  default  path,  while  ensuring these categories

were still  meaningful and reasonably representative, required careful judgment and

iteration.
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Generating and Maintaining Consistency in Large Documents

The  creation  of  the  comprehensive  blueprint  and  technical  summary  involved

managing a large volume of interconnected information. Ensuring that all  specified

sections  were  covered,  that  data  was  accurately  transcribed  or  synthesized,  that

assumptions were consistent, and that formatting was meticulously applied according

to directives required significant internal organization and attention to detail.

Benefits of the Structured Approach

Focused Knowledge Domain

The detailed research documents provided acted as a curated, high-quality, and highly

relevant  knowledge base.  This  allowed the AI's  information retrieval  and synthesis

processes  to  be  far  more  targeted  and  accurate  than  if  attempting  to  answer

specialized queries from general training data alone.

Clear Goal-Orientation and Context

Knowing that  the ultimate output  was a detailed development blueprint  for  the AI

Footprint Calculator provided essential context for every task. This helped the AI better

understand the purpose of extracting specific data points or structuring information in

particular ways.

Efficient Iteration

The structured nature of the information (e.g., tiered data, specific hardware profiles)

made iterative  refinement  more efficient.  When adjustments  were  requested,  they

were often related to a specific, well-defined part of the structure.

Reduced Ambiguity and Enhanced Precision

The detailed outlines for major outputs significantly reduced ambiguity. This allowed

the AI to focus on the substance of the information and its correct structuring, leading

to outputs that more closely matched precise requirements.

This  structured,  document-centric,  and  goal-driven  methodology  enabled  the  AI  to

function as a highly specialized and effective assistant for this complex research and

planning phase, leveraging core capabilities in language understanding, information

processing, and structured content generation in a way that was deeply aligned with

the project needs.
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Technical Implementation

This  section  explores  the  technical  aspects  of  the  AI  Footprint  Calculator

implementation,  including  technology  stack  selection,  project  structure,  data

organization, and development challenges.

Technology Stack Selection

Based on the project requirements, the following technology stack was chosen:

Frontend: React.js (for component reusability and interactive UI)

State Management: React Context API (for managing calculation results)

Styling: CSS with variables for the color palette

Build Tool: Vite (for fast development and optimized production builds)

Deployment: Static site deployment (for simple hosting and migration)

This  stack  was  selected  to  create  a  client-side  application  without  backend

dependencies, focusing on performance, maintainability, and ease of deployment. The

decision to use React was based on its component model, which aligned well with the

calculator's modular design requirements.

Project Structure

A modular architecture was designed with the following key components:

ai-footprint-calculator/

├── public/

├── src/

│   ├── components/

│   │   ├── common/

│   │   ├── layout/

│   │   ├── calculator/

│   │   │   ├── CloudAICalculator.jsx

│   │   │   ├── LocalAICalculator.jsx

│   │   │   ├── AgenticAICalculator.jsx

│   │   ├── results/

│   │   ├── offsetting/

│   ├── pages/

│   ├── utils/

│   │   ├── calculationEngine.js

│   ├── styles/

│   ├── App.jsx

• 

• 

• 

• 

• 
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│   └── index.jsx

└── package.json

This structure implemented several key architectural principles:

Component-based UI structure: Reusable interface elements organized by

function

Separation of calculator logic from presentation: Core calculations isolated

in utility functions

Centralized calculation engine: Single source of truth for all environmental

impact formulas

Data-driven tier and profile definitions: Structured data objects for different

AI categories

Responsive design: Adaptable layouts for all device sizes

Core Data Structures

Data from the research documents was transformed into structured JavaScript objects:

Cloud AI Tier Definitions

// Example of Cloud AI tier data structure

export const cloudAITiers = {

  text: {

    small: {

      name: "Small Text Models",

      examples: ["GPT-3.5-Turbo", "Claude Instant"],

      energyPerToken: 0.0003, // kWh per token

      waterPerToken: 0.0005,  // liters per token

      co2PerToken: 0.00015    // kg CO2e per token

    },

    // medium and large tiers...

  },

  image: {

    // image generation tiers...

  },

  // other AI categories...

};

• 

• 

• 

• 

• 
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Local AI Hardware Profiles

// Example of Local AI hardware profile structure

export const hardwareProfiles = {

  cpu: {

    standard: {

      name: "Standard CPU",

      powerDraw: 65,  // watts

      examples: ["Intel Core i5", "AMD Ryzen 5"]

    },

    // high-performance and server tiers...

  },

  gpu: {

    // consumer, professional, and datacenter tiers...

  }

};

Grid Carbon Intensity Factors

// Example of regional grid carbon intensity data

export const gridIntensity = {

  global: 0.475,  // kg CO2e per kWh (global average)

  regions: {

    "north-america": 0.385,

    "europe": 0.275,

    "asia-pacific": 0.555,

    // other regions...

  }

};

Calculation Engine Implementation

A comprehensive calculation engine was implemented with functions for:

Cloud AI footprint estimation: Based on model tier, usage volume, and region

Local AI footprint estimation: Based on hardware profile, utilization, duration,

and region

Agentic AI footprint estimation: Accounting for component models and

orchestration overhead

Result formatting and unit conversion: Standardizing outputs across

calculator types

• 

• 

• 

• 
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Equivalency generation: Converting technical metrics to relatable comparisons

The calculation functions were designed to be pure and testable, taking structured

inputs and returning consistent output formats regardless of calculator type.

UI Components

The following key components were developed:

Calculator forms: Specialized inputs for Cloud, Local, and Agentic AI

Results dashboard: Visualizations of energy, water, and carbon metrics

Offsetting guidance: Educational content and actionable recommendations

Methodology explanation: Transparent documentation of calculation

approaches

Navigation and layout: Consistent structure across the application

All  UI  components  were  styled  according  to  the  specified  design  system,  with  a

minimalist, high-resolution, white-on-black modern CRT aesthetic.

Styling Implementation

The application was styled according to the specified design system:

CSS variables: For consistent color palette application

Typography: IBM Plex Mono and IBM Plex Sans fonts

Custom UI elements: Designed to match the minimalist aesthetic

Responsive layouts: Adaptable to all screen sizes

The styling  approach prioritized  readability,  accessibility,  and  consistency  with  the

specified aesthetic.

Bug Identification and Resolution

A  critical  issue  was  identified  during  testing:  calculation  results  weren't  being

displayed after clicking the Calculate button. This was fixed by:

Adding form submission handlers to calculator components

Implementing state management for calculation results

Adding navigation from calculator to results page

Enhancing the Results page to display calculation data

• 

• 

• 

• 
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This  bug  fix  was  essential  for  the  core  functionality  of  the  application  and

demonstrated the importance of thorough testing and validation.

Performance Optimization

Several strategies were employed to optimize performance:

Client-side calculations: Eliminating server dependencies for faster response

Efficient state management: Minimizing unnecessary re-renders

Minimal dependencies: Reducing bundle size and load times

These optimizations ensured that the application remained responsive and efficient,

even when performing complex calculations.

Accessibility and Usability

The implementation included several features to enhance accessibility:

High contrast design: Ensuring readability for users with visual impairments

Keyboard navigable interface: Supporting non-mouse interaction

Clear labeling and instructions: Improving usability for all users

Responsive design: Accommodating various devices and screen sizes

These features were integrated throughout the development process to ensure the

application was accessible to a wide range of users.

• 

• 

• 

• 

• 

• 
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Results & Impact

This section examines the outcomes of the AI Footprint Calculator project, including

the final application capabilities, environmental insights generated, and the project's

impact in terms of development efficiency and potential applications.

Final Application Capabilities

The completed AI Footprint Calculator MVP successfully delivered the following key

features:

Cloud AI Calculator

The Cloud AI calculator implemented a comprehensive tiered system for different AI

categories:

Text-based models (small, medium, large) with examples like GPT-4 and Claude

Image generation models with varying complexity levels

Audio processing and generation models

Video generation and processing models

Users can input their specific usage patterns, model types, and geographic regions to

receive tailored environmental impact estimates.

Local AI Calculator

The Local AI calculator provided hardware-specific environmental impact estimates for

models running on personal devices:

CPU profiles ranging from standard to high-performance and server-grade

GPU profiles covering consumer, professional, and data center categories

Customizable utilization rates and duration settings

Regional electricity grid factors for accurate carbon calculations

Agentic AI Calculator

The Agentic AI calculator addressed complex AI workflows that orchestrate multiple

models:

Component-based calculation for multi-model workflows

• 

• 

• 

• 

• 

• 
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Orchestration overhead estimation

Support for recurring and project-based calculation modes

Results Dashboard

The Results dashboard presented environmental impact data in an accessible format:

Energy consumption metrics with visualizations

Water usage estimates with contextual comparisons

Carbon emissions data with equivalency examples

Breakdown of impacts by component or activity

Offsetting Guidance

The application provided educational content and actionable recommendations:

Explanation of offsetting principles and approaches

Curated recommendations for credible offsetting providers

Practical steps for reducing AI environmental impact

Resources for further learning about sustainable AI

Environmental Impact Insights

The calculator revealed several important insights about AI systems' environmental

footprints:

Scale of Impact

The  calculator  demonstrated  that  even  routine  AI  usage  can  have  significant

cumulative environmental impacts. For example, a business using large language

models  for  customer  service  might  generate  several  tons  of  CO₂e  annually,

equivalent to multiple round-trip flights.

Regional Variations

The calculator  highlighted  how geographic  location  significantly  affects  carbon

footprint. The same AI workload run in a region with renewable-heavy electricity

• 

• 

• 
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generation  could  produce  70-80%  less  carbon  emissions  than  in  regions

dependent on fossil fuels.

Hardware Efficiency

For local AI execution, the calculator revealed the substantial efficiency differences

between  consumer  and  specialized  AI  hardware.  Purpose-built  AI  accelerators

could reduce energy consumption by 3-5x compared to general-purpose GPUs for

the same workloads.

Water Footprint Visibility

By including water usage metrics, the calculator brought attention to a less visible

environmental  impact.  Large-scale  AI  training  and  inference  operations  can

consume thousands of liters of water for cooling and electricity generation.

These insights help users understand the multifaceted environmental impacts of AI

systems and identify the most effective strategies for reducing their footprint.

User Experience and Feedback

Initial testing of the calculator revealed several key aspects of the user experience:

Accessibility: The minimalist, high-contrast design proved effective for

readability and focus

Educational Value: Users reported gaining new understanding of AI's

environmental impacts

Actionability: The offsetting recommendations provided clear next steps

Technical Accuracy: The calculation methodology was perceived as credible and

well-documented

User feedback also identified the critical bug with calculation results display, which

was promptly fixed to ensure core functionality worked as expected.

Comparison to Professional Equivalent

If developed by a standard professional team, this project would typically involve:

• 

• 

• 

• 
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Team Composition

1 Project Manager

1 UX/UI Designer

2 Frontend Developers

1 Data Scientist/Researcher

Timeline Estimate

Requirements Analysis: 1-2 weeks

Design Phase: 1-2 weeks

Development: 3-4 weeks

Testing and Refinement: 1-2 weeks

Deployment and Documentation: 1 week

Total: 7-11 weeks

Cost Estimate

Professional team cost: $30,000 - $50,000

Additional costs for research and data validation: $5,000 - $10,000

Ongoing maintenance and updates: $2,000 - $5,000 per month

In  comparison,  the  human-AI  collaboration  approach  demonstrated  significant

efficiency  gains  in  both  time  and  resource  utilization,  while  still  delivering  a

professional-quality application.

Potential Real-World Applications

The AI Footprint Calculator has several potential applications:

Corporate Sustainability Reporting: Organizations can use the calculator to

estimate and report the environmental impact of their AI operations

Developer Decision Support: AI developers can compare the environmental

implications of different model architectures and deployment strategies

Educational Tool: Academic institutions can use the calculator to teach about AI

sustainability

Policy Development: Policymakers can leverage the calculator to understand the

environmental implications of AI regulation

Consumer Awareness: Individual users can gain insight into the hidden

environmental costs of AI services they use

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

AI Footprint Calculator Case Study

Page 19 of 32



These  applications  demonstrate  the  calculator's  potential  to  contribute  to  more

environmentally conscious AI development and usage across various sectors.
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Lessons Learned

This  section  explores  the  key  insights  and  lessons  learned  throughout  the

development  of  the  AI  Footprint  Calculator,  highlighting  technical  best  practices,

collaboration model effectiveness, challenges encountered, and future enhancement

opportunities.

Technical Insights and Best Practices

Data-Driven Architecture

One of the most successful technical approaches was the implementation of a data-

driven architecture for the calculator. By structuring all model tiers, hardware profiles,

and regional factors as data objects separate from the calculation logic, we created a

highly maintainable and extensible system.

Key benefits of this approach included:

Easy updates to calculation factors as new research becomes available

Simplified addition of new AI categories or hardware profiles

Clear separation of concerns between data and logic

Improved testability of calculation functions

This pattern would be valuable for any application dealing with complex, categorized

data that may evolve over time.

Balancing Accuracy and Usability

A  critical  technical  challenge  was  finding  the  right  balance  between  calculation

accuracy  and  user  experience.  The  research  contained  highly  detailed  technical

specifications,  but  presenting  all  this  complexity  to  users  would  create  an

overwhelming interface.

The solution involved creating tiered abstractions:

Primary path: Simplified categories with reasonable defaults

Advanced options: Available but not required for basic usage

Transparent methodology: Detailed documentation for those seeking deeper

understanding

• 

• 

• 
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This  multi-layered  approach  satisfied  both  technical  accuracy  requirements  and

usability needs, a pattern applicable to many technical tools aimed at diverse user

groups.

Client-Side Architecture Benefits

The decision to implement all calculations client-side proved advantageous for several

reasons:

Eliminated server dependencies and associated costs

Provided immediate feedback to user inputs

Simplified deployment and migration

Enhanced privacy by keeping user data local

For  applications  where  calculations  are  deterministic  and  don't  require  massive

datasets, this approach offers significant benefits in simplicity and maintainability.

Collaboration Model Effectiveness

Document-Centric Knowledge Transfer

The document-centric approach to knowledge transfer between human and AI proved

remarkably effective.  By providing comprehensive research documents upfront,  the

human  collaborator  created  a  focused  knowledge  domain  that  enabled  the  AI  to

develop deep contextual understanding of the subject matter.

This approach was superior to incremental information sharing for several reasons:

Established a shared knowledge foundation from the beginning

Reduced the need for repetitive explanations of core concepts

Enabled more sophisticated synthesis across multiple information sources

Created a reference point for both parties to ensure alignment

Structured Outputs with Clear Requirements

The  practice  of  providing  structured  outlines  and  specific  requirements  for  major

deliverables significantly improved output quality. When requesting complex outputs

like  the  blueprint  or  technical  implementation,  the  human  collaborator  specified

section headings, content requirements, and formatting expectations.

This structured approach:

Reduced ambiguity about deliverable expectations

• 
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Ensured comprehensive coverage of all required topics

Maintained consistent organization across documents

Allowed the AI to focus on content quality rather than structure decisions

Iterative Feedback and Refinement

The iterative feedback loop established between human and AI was fundamental to

achieving high-quality results. The human provided specific, actionable feedback on

outputs, allowing for progressive refinement toward the desired outcome.

Effective feedback characteristics included:

Specificity: Pointing to exact elements needing adjustment

Actionability: Providing clear direction for improvements

Context: Explaining the reasoning behind requested changes

Prioritization: Focusing on the most important issues first

This collaborative refinement process was essential for addressing the inevitable gaps

between initial outputs and desired results.

Challenges and Solutions

Handling Data Uncertainty

A significant challenge was dealing with uncertainty in environmental  impact data,

particularly  for  newer  AI  modalities  with  limited  published  research.  The  solution

involved:

Transparent communication of data limitations and assumptions

Conservative estimation approaches that acknowledged uncertainty

Providing ranges rather than single values where appropriate

Creating a methodology that could be updated as better data becomes available

This approach maintained scientific integrity while still providing useful estimates in

areas with incomplete data.

UI State Management Complexity

The critical bug discovered during testing—calculation results not displaying after form

submission—highlighted  the  importance  of  robust  state  management  in  React

applications. The solution required:

Implementing proper form submission handlers
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Creating a centralized state management approach for calculation results

Adding explicit navigation logic between calculator and results views

Enhancing error handling to prevent silent failures

This  experience  reinforced  the  importance  of  thorough  testing  of  user  interaction

flows, particularly for key application features.

Balancing Educational Content and Tool Functionality

Another challenge was integrating educational content about environmental impacts

without overwhelming the primary calculator functionality. The solution involved:

Progressive disclosure of educational content

Contextual presentation of information at relevant points in the user journey

Clear visual distinction between calculator inputs and educational elements

Dedicated sections for users seeking deeper understanding

This balanced approach supported both quick calculations for experienced users and

educational exploration for those new to the topic.

Future Enhancement Opportunities

User Accounts and Data Persistence

The most significant feature excluded from the MVP was user authentication and data

persistence. Adding this capability would enable several valuable enhancements:

Saving calculation history for tracking changes over time

Creating organizational profiles with aggregated impact data

Generating periodic reports on environmental footprint trends

Setting and tracking reduction goals

Advanced Visualization and Reporting

The  current  results  dashboard  could  be  enhanced  with  more  sophisticated  data

visualization and reporting capabilities:

Interactive charts for exploring impact factors

Comparative visualizations between different AI approaches

Scenario modeling for potential footprint reduction strategies

Exportable reports for sustainability documentation

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

AI Footprint Calculator Case Study

Page 24 of 32



API Integration

Developing an API for the calculator would enable integration with other systems:

Direct integration with AI development platforms

Incorporation into CI/CD pipelines for environmental impact testing

Embedding calculator functionality in third-party applications

Automated data collection from cloud provider sustainability APIs

Expanded Impact Metrics

The calculator could be extended to include additional environmental impact metrics:

Embodied carbon from hardware manufacturing

Electronic waste implications

Rare earth mineral consumption

Land use impacts of data center infrastructure

These  enhancements  would  provide  a  more  comprehensive  view  of  AI's  total

environmental footprint beyond operational impacts.

Conclusion

The AI Footprint Calculator project demonstrates the potential of structured human-AI

collaboration  to  address  complex  technical  and  environmental  challenges.  By

combining  human  expertise  in  project  direction  and  domain  knowledge  with  AI

capabilities  in  information  processing  and  implementation,  the  project  delivered  a

valuable  tool  for  understanding  and  addressing  the  environmental  impacts  of  AI

systems.

The  lessons  learned from this  project—both  technical  and  collaborative—provide  a

foundation  for  future  work  in  sustainable  AI  development  and  effective  human-AI

partnerships. As AI systems continue to grow in scale and importance, tools like the AI

Footprint Calculator will play an increasingly vital role in ensuring that technological

progress aligns with environmental responsibility.
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Development Guide

This  guide  outlines  the  process  for  developing  your  own  environmental  impact

calculator or similar technical application using the structured human-AI collaboration

approach demonstrated in the AI Footprint Calculator project.

Prerequisites

Before beginning development, ensure you have:

Clear project objectives and scope definition

Relevant research documents and data sources

Basic understanding of web development principles

Access to development tools (code editor, version control)

Access to AI assistance for implementation support

Step 1: Research and Requirements Gathering

Document Collection

Gather all relevant research papers, data sources, and reference materials

Organize documents by topic (e.g., methodology, data, implementation examples)

Extract key data points and formulas that will be needed for calculations

Requirements Definition

Define clear project objectives and success criteria

Outline specific features and functionality needed

Identify target users and their needs

Document any technical constraints or considerations

Create a prioritized list of MVP features versus future enhancements

Data Structure Planning

Identify all data categories needed (e.g., model tiers, hardware profiles)

Define relationships between different data types

Create structured data templates for consistent organization
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Document assumptions and limitations in your data

Step 2: Technology Stack Selection

Assessment Criteria

Evaluate project requirements against potential technology options

Consider factors like: 

Development speed and efficiency

Maintenance requirements

Deployment simplicity

Performance needs

Team familiarity with technologies

Recommended Approach

For client-side calculators without user accounts: 

Static site generators (11ty, Next.js, etc.) or simple React applications

Client-side JavaScript for calculations

CSS with variables for consistent styling

Static deployment options

For applications requiring data persistence: 

Full-stack frameworks with database integration

User authentication systems

Server-side calculation validation

Secure data storage solutions

Step 3: Project Structure Setup

Directory Organization

Create a logical folder structure separating: 

Core calculation engine

UI components

Data files

Documentation

Tests
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Development Environment

Set up version control (Git repository)

Configure build tools and dependencies

Establish coding standards and documentation practices

Create initial project scaffolding

Step 4: Data-Driven Architecture Implementation

Calculation Engine Development

Implement core calculation functions as pure, testable units

Separate data from logic for maintainability

Create clear interfaces between components

Document all formulas and data sources

Data Structure Implementation

Convert research data into structured code objects

Implement tiered categorization systems

Create abstraction layers for complex data

Ensure extensibility for future data additions

Step 5: User Interface Development

Component Design

Create reusable UI components for: 

Input forms and controls

Results displays and visualizations

Navigation elements

Educational content

User Experience Considerations

Balance technical accuracy with usability

Implement progressive disclosure for complex options

Provide clear feedback on user actions
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Ensure accessibility for all users

Responsive Implementation

Design for all device sizes from the beginning

Test on multiple screen dimensions

Ensure touch-friendly interfaces for mobile users

Step 6: Testing and Validation

Calculation Verification

Test calculations against known examples from research

Implement validation for user inputs

Verify edge cases and boundary conditions

Document validation methodology

User Testing

Conduct usability testing with representative users

Gather feedback on interface clarity and workflow

Identify and address pain points

Verify that results are understandable to target audience

Technical Testing

Test across different browsers and devices

Verify performance under various conditions

Check for accessibility compliance

Ensure all links and navigation work correctly

Step 7: Deployment and Documentation

Deployment Preparation

Optimize assets for production

Configure build process for deployment

Prepare deployment environment
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Create deployment documentation

User Documentation

Provide clear methodology explanation

Document assumptions and limitations

Create user guides for different features

Include contextual help throughout the application

Technical Documentation

Document code architecture and patterns

Create maintenance guides for future developers

Document data update procedures

Provide troubleshooting information

Step 8: Iteration and Enhancement

Feedback Collection

Implement mechanisms to collect user feedback

Monitor usage patterns and pain points

Gather suggestions for improvements

Track questions and confusion points

Continuous Improvement

Prioritize enhancements based on user needs

Implement incremental improvements

Update data as new research becomes available

Expand features based on usage patterns

Effective Human-AI Collaboration Strategies

Document-Centric Knowledge Transfer

Provide comprehensive foundational documents to AI collaborators

Create structured outlines for major deliverables
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Use consistent terminology across all communications

Establish shared reference points for domain knowledge

Clear Task Definition

Break complex projects into discrete, manageable tasks

Provide specific requirements and acceptance criteria

Establish clear dependencies between tasks

Set realistic timelines and priorities

Iterative Feedback Loop

Review outputs promptly and provide specific feedback

Focus on incremental improvements rather than perfection

Provide context for requested changes

Acknowledge successful implementations

Complementary Strengths Utilization

Leverage AI for: 

Data processing and transformation

Code generation and documentation

Content creation and organization

Research synthesis and summarization

Focus human effort on: 

Strategic decision-making

Quality assessment and validation

User experience design

Domain expertise application

Conclusion

By following this structured approach to development and leveraging effective human-

AI  collaboration,  you  can  efficiently  create  complex  technical  applications  like

environmental  impact calculators.  The key to success lies in thorough preparation,

clear communication, iterative development, and a focus on user needs throughout

the process.
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Remember  that  the  most  effective  collaborations  capitalize  on the  complementary

strengths  of  human strategic  thinking  and AI  implementation  capabilities,  creating

outcomes that exceed what either could accomplish alone.

AI Footprint Calculator Case Study

Page 32 of 32


	AI Footprint Calculator Case Study
	Table of Contents
	Introduction
	Project Overview
	Project Objectives
	Project Scope
	Development Approach
	Value Proposition

	Methodology
	Research-Based Development
	Calculation Methodologies
	Cloud AI Footprint Calculation
	Local AI Footprint Calculation
	Agentic AI Footprint Calculation

	Environmental Impact Metrics
	Equivalency Generation
	Assumptions and Limitations
	Validation Approach

	Human-AI Collaboration
	Structured Collaboration Model
	Key Elements of Effective Collaboration
	Provision of Comprehensive Foundational Documents
	Clear High-Level Objectives
	Structured and Detailed Prompts
	Specific Constraints and Examples
	Iterative Feedback Loop

	Technical Challenges and Solutions
	Synthesizing Quantitative Estimates in Low-Data Areas
	Balancing Granularity with User-Friendly Abstractions
	Generating and Maintaining Consistency in Large Documents

	Benefits of the Structured Approach
	Focused Knowledge Domain
	Clear Goal-Orientation and Context
	Efficient Iteration
	Reduced Ambiguity and Enhanced Precision


	Technical Implementation
	Technology Stack Selection
	Project Structure
	Core Data Structures
	Cloud AI Tier Definitions
	Local AI Hardware Profiles
	Grid Carbon Intensity Factors

	Calculation Engine Implementation
	UI Components
	Styling Implementation
	Bug Identification and Resolution
	Performance Optimization
	Accessibility and Usability

	Results & Impact
	Final Application Capabilities
	Cloud AI Calculator
	Local AI Calculator
	Agentic AI Calculator
	Results Dashboard
	Offsetting Guidance

	Environmental Impact Insights
	Scale of Impact
	Regional Variations
	Hardware Efficiency
	Water Footprint Visibility

	User Experience and Feedback
	Comparison to Professional Equivalent
	Team Composition
	Timeline Estimate
	Cost Estimate

	Potential Real-World Applications

	Lessons Learned
	Technical Insights and Best Practices
	Data-Driven Architecture
	Balancing Accuracy and Usability
	Client-Side Architecture Benefits

	Collaboration Model Effectiveness
	Document-Centric Knowledge Transfer
	Structured Outputs with Clear Requirements
	Iterative Feedback and Refinement

	Challenges and Solutions
	Handling Data Uncertainty
	UI State Management Complexity
	Balancing Educational Content and Tool Functionality

	Future Enhancement Opportunities
	User Accounts and Data Persistence
	Advanced Visualization and Reporting
	API Integration
	Expanded Impact Metrics

	Conclusion

	Development Guide
	Prerequisites
	Step 1: Research and Requirements Gathering
	Document Collection
	Requirements Definition
	Data Structure Planning

	Step 2: Technology Stack Selection
	Assessment Criteria
	Recommended Approach

	Step 3: Project Structure Setup
	Directory Organization
	Development Environment

	Step 4: Data-Driven Architecture Implementation
	Calculation Engine Development
	Data Structure Implementation

	Step 5: User Interface Development
	Component Design
	User Experience Considerations
	Responsive Implementation

	Step 6: Testing and Validation
	Calculation Verification
	User Testing
	Technical Testing

	Step 7: Deployment and Documentation
	Deployment Preparation
	User Documentation
	Technical Documentation

	Step 8: Iteration and Enhancement
	Feedback Collection
	Continuous Improvement

	Effective Human-AI Collaboration Strategies
	Document-Centric Knowledge Transfer
	Clear Task Definition
	Iterative Feedback Loop
	Complementary Strengths Utilization

	Conclusion



