
© 2026 JETIR January 2026, Volume 13, Issue 1                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2601370 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d549 
 

 

EcoRoute: Framework for Sustainable Multi-Modal 

Navigation and AI-Integrated Carbon Analytics 

Karuna C. Khobragade¹, Nikhil D. Singh² 
¹Assistant Professor, Computer Science Department, Dr. Khatri Mahavidyalaya, Tukum, Chandrapur, 

Maharashtra, India 442401 

²Student, M.Sc. Computer Science Department, Dr. Khatri Mahavidyalaya, Tukum, Chandrapur,     

Maharashtra, India 442401 

Abstract: Individual behavioral changes are just as important as industrial shifts when it comes to global 

decarbonization. Most modern navigation tools are designed to find the fastest route, often ignoring the ecological 

cost of those choices. We developed EcoRoute, a Progressive Web Application (PWA) that integrates real-time 

routing from the Open Source Routing Machine (OSRM) with a custom carbon emission engine. To keep 

intelligent destination data secure, the system uses a PHP-based backend proxy to communicate with the 

DeepSeek R1 model. By converting complex CO₂ data into a "tree-offset" metric, the app makes environmental 

impacts easier for a general audience to visualize. Tests show that using "Background Preloading" for AI 

responses significantly reduces latency, allowing the app to maintain performance scores above 95 on the Google 

Lighthouse scale. 
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I. Introduction  

1.1 The Context of Transport Emissions: Atmospheric CO₂ reached a record 417 parts per million in 2022, with 

the transport sector contributing nearly 16% of global greenhouse gas emissions [1]. While electric vehicles (EVs) 

are gaining ground, the vast majority of the global fleet still relies on internal combustion engines. This reality 

creates a massive need for tools that help people manage their environmental footprint right now. 

1.2 Project Objectives: The goal of this research was to solve what we call the "friction of calculation." Usually, 

if a person wants to know their carbon footprint for a trip, they have to manually move data between map apps 

and online calculators. EcoRoute automates this entire process by pulling road-network geometry directly through 

the OSRM engine [2]. We then apply mileage coefficients across eight different vehicle types and use generative 

AI to give users qualitative insights about their destinations. 

1.3 Key Technical Contributions: A major part of our work addresses the "API Security Paradox." In many web 

apps, sensitive credentials like AI API keys are exposed in the client-side source code. We implemented a PHP-

middleware proxy to create a zero-exposure security model. This ensures that all critical keys stay on the server 

side, away from the user’s browser [3]. 
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II. Mapping the Current Landscape 

2.1 Routing Theory and Environmental Constraints: For decades, the Shortest Path Problem has been solved 

using Dijkstra’s algorithm or the A* search method [4]. These algorithms are reliable but generally static. They 

don’t naturally account for the "Green Vehicle Routing Problem" (GVRP). GVRP requires factoring in fuel 

consumption, idling, and specific vehicle constraints rather than just finding the shortest line on a graph [5]. 

2.2 Web Performance and Accessibility: Speed is the biggest factor in user retention. Research suggests that 

users often abandon a web app if it takes more than three seconds to load [6]. We turned EcoRoute into a 

Progressive Web App (PWA) to solve this. Using Service Workers to intercept network requests and serve cached 

data makes the interface feel native and responsive, even when the connection is unstable [7]. 

2.3 AI in the Geospatial Domain: Generative AI has evolved from a simple chat interface into a reasoning engine 

[8]. By integrating Large Language Models (LLMs) into Geographic Information Systems (GIS), we can move 

toward "semantic navigation." This allows the system to help users understand the cultural or ecological 

importance of a location, rather than just providing its latitude and longitude [9]. 

III. System Architecture and API Orchestration 

3.1 The Tri-Tier Design: The system is built on a Tri-Tier architecture. By separating the user interface, the logic 

proxy, and the external data providers, we avoided the messy structure of monolithic apps. This makes it much 

easier to scale or swap out specific APIs later without breaking the whole frontend. 

Figure 1: Architectural Diagram of the EcoRoute Ecosystem. 

3.2 Securing the Backend Proxy: Exposing an API key in a .js file is one of the most common security mistakes 

in modern web development. We used a PHP backend (api.php) to act as a shield. When a user sends a message, 

the server receives the JSON data, attaches the "Authorization: Bearer" header, and then communicates with the 

OpenRouter endpoint [10]. This keeps the actual keys hidden from anyone inspecting the page source. 

3.3 Data Sourcing and Mapping: We chose Leaflet.js to render map tiles from OpenStreetMap (OSM) [11]. We 

preferred OSM over Google Maps because it is a collaborative project that offers much better privacy and 

customization for a research project of this nature. 

IV. The Carbon Emission Engine (CEE) 

4.1 Mathematical Modeling: The engine calculates a trip (𝑇) as a function of distance (𝐷), vehicle type (𝑉), 

and fuel mileage (𝑀). 

The mass of CO₂ (𝑀𝑐𝑜2) is determined by the following logic: 

𝑀𝑐𝑜2 =∑(

𝑛

𝑖=1

𝐷𝑖 × 𝐶𝑣) 

http://www.jetir.org/


© 2026 JETIR January 2026, Volume 13, Issue 1                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2601370 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d551 
 

 

Where 𝐶𝑣 is the carbon intensity specific to that vehicle class [12]. 

4.2 Comparative Emission Factors: Our engine uses data points derived from several international reporting 

standards as summarized in Table I. 

Table I: Emission Intensity Coefficients by Transport Mode 

Transport Mode Emission Factor (kg CO₂/km) Source Basis 

Petrol Vehicle 0.192 UK Defra [13] 

Diesel Vehicle 0.171 EEA [14] 

Electric Vehicle 0.053 IEA Grid Mix [15] 

Hybrid Car 0.109 Standard Efficiency 

Motorcycle 0.103 Average Fleet 

Public Bus 0.089 Per Passenger Avg 

Train 0.041 Rail Intensity 

Flight 0.255 ICAO [16] 

 

4.3 The Tree-Offset Metric: Most users find "kilograms of carbon" too abstract to be meaningful. To make the 

data relatable, EcoRoute converts these numbers into "Tree-Years" (𝑇𝑌). Since a mature tree absorbs roughly 

21kg of CO₂ every year, we use the formula: 

𝑇𝑌 = 𝑀𝑐𝑜2/21 

This creates a visual "environmental debt" that is easier for a person to understand than a raw weight 

measurement [17]. 

V. AI Integration and Behavioral UX 

5.1 DeepSeek R1 Implementation: We integrated the DeepSeek R1 model because it provides a good balance 

between reasoning power and token efficiency [18]. In our app, the AI acts as a sustainability consultant, offering 

tips on eco-friendly activities and travel advice. 
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5.2 Background Preloading (BPL): Standard AI features usually make a user wait while the response 

generates. We built an event-driven BPL algorithm to remove this friction. When a destination is selected, the 

app silently triggers an asynchronous fetch through our PHP proxy. The response is cached immediately. By the 

time the user clicks "Destination Info," the data is ready to display [19]. 

Asynchronous Eco-Routing and Context Retrieval Strategy 

Require: Start Coordinates (𝑆𝑐𝑜𝑜𝑟𝑑), Destination (𝐷𝑡𝑎𝑟𝑔𝑒𝑡), Vehicle Class (𝑉𝑐𝑙𝑎𝑠𝑠) 

Ensure: Visualized Route (ℛ), Carbon Metric (𝑀𝐶𝑂2), AI Context Cache (𝒦𝑐𝑎𝑐ℎ𝑒) 

 

Algorithm: 

1: procedure ExecuteEcoRouting(𝑆𝑐𝑜𝑜𝑟𝑑, 𝐷𝑡𝑎𝑟𝑔𝑒𝑡, 𝑉𝑐𝑙𝑎𝑠𝑠) 

2: ℛ ← FetchRouteGeometry(𝑆𝑐𝑜𝑜𝑟𝑑, 𝐷𝑡𝑎𝑟𝑔𝑒𝑡) 

3: 𝑑 ← ExtractDistance(ℛ) 

4: ⊳ Phase I: Deterministic Environmental Calculation 

5: 𝜔 ← GetEmissionCoefficient(𝑉𝑐𝑙𝑎𝑠𝑠) 

6: 𝑀𝐶𝑂2 ← 𝑑 × 𝜔 

7: 𝜁 ← 𝑀𝐶𝑂2/21 ⊳ Calculate Tree-Year Offset 

8: UpdateInterface(ℛ,𝑀𝐶𝑂2, 𝜁) 

9: ⊳ Phase II: Asynchronous Background Preloading (BPL) 

12: fork thread RetrieveContext(𝐷𝑡𝑎𝑟𝑔𝑒𝑡) 

13: 𝑃 ← ConstructPrompt(𝐷𝑡𝑎𝑟𝑔𝑒𝑡) 

14: 𝑇𝑜𝑘𝑒𝑛 ← SecureHandshake() 

15: 𝒦𝑟𝑎𝑤 ← ProxyRequest(𝑇𝑜𝑘𝑒𝑛, 𝑃) 

16: 𝒦𝑐𝑎𝑐ℎ𝑒 ← 𝒦𝑟𝑎𝑤 

17: end thread 

18: end procedure 

20: ⊳ Event Handler: Zero-Latency Retrieval 

21: on event UserQuery("Info") do 

22: if 𝒦𝑐𝑎𝑐ℎ𝑒 ≠ ∅ then 

23: RenderModal(𝒦𝑐𝑎𝑐ℎ𝑒) 

24: else 

25: DisplayLoader() 

26: await 𝒦𝑐𝑎𝑐ℎ𝑒 

27: end if 

28: end event 
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Figure 2: Logical Workflow of the Background Preloading (BPL) Mechanism. 

VI. Technical Implementation 

6.1 Vanilla JS over Frameworks: The frontend was developed using Vanilla JavaScript. We purposefully stayed 

away from heavy frameworks like React or Vue to keep the initial payload as small as possible [20]. This direct 

DOM manipulation ensures that the map and search functions remain fast even on lower-end mobile hardware. 

6.2 Service Worker Strategy: Our service-worker.js uses a "Cache First" strategy for static assets and a 

"Network First" approach for API calls [21]. This means the core mapping UI works even if the user enters a 

tunnel or a low-signal area. 

VII. Results and Performance Analysis 

7.1 Quantitative Benchmarking: We used Chrome DevTools Lighthouse to audit the application. The results 

showed high efficiency: 

 Performance: 98 

 Accessibility: 100 

 Best Practices: 100 

 SEO: 100 
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7.2 Comparison with Commercial Tools: Commercial apps like Google Maps have added "Eco-friendly" 

route labels, but they don't give the user raw CO₂ totals or tree-offset data [22]. Table II highlights the specific 

analytical advantages of the EcoRoute framework. 

Table II: Feature Comparison: EcoRoute vs. Commercial Navigation 

Feature Standard Navigation Apps EcoRoute Framework 

Route Logic Time/Traffic Centric Sustainability Centric 

Carbon Metric Qualitative (Leaf icon) Quantitative (Mass + Tree-Offset) 

Vehicle Support Limited 8 Distinct Modes 

Custom Mileage Not Supported User-Defined Parameters 

Intelligent Tips Search-Based Generative AI (LLM) 

Security Proprietary Open/Proxy-Secured 

 

VIII. Ethical Considerations and Data Privacy 

Handling location data is always a risk. EcoRoute follows the principle of "Data Minimization" outlined in 

various privacy frameworks [24]. Location data is used strictly for real-time routing and is not stored in any 

permanent database once the session ends. We also considered the impact of external factors like temperature on 

EV range, which can drastically change actual emissions [25]. 

IX. Conclusion and Future Directions 

EcoRoute is a step toward making "Environmental Informatics" a part of daily life. By putting carbon data in the 

same view as a speedometer, we can lower the mental effort needed to make sustainable choices. Future work 

will involve using real-time traffic to adjust idling emissions and adding data on EV charging availability to help 

with long-distance planning [26], [27]. We also plan to look into how social factors and recommender systems 

can further influence green travel choices [28], [29], [30]. 
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