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Abstract

Climate change is a critical global challenge demanding 

both systemic change and localized, individual action. 

Climate change poses a growing threat to Zambia’s social, 

economic, and environmental systems, yet carbon footprint 

literacy and access to personalized sustainability tools 

remain limited. This study presents the design and 

development of a web-based carbon footprint tracking 

platform specifically tailored to bridge this awareness-action 

gap in the Zambian context, integrating global carbon 

accounting standards with local emission factors and 

national climate policies. A baseline study involving 

Zambian respondents assessed climate change awareness, 

understanding of carbon footprint concepts, environmental 

attitudes, digital readiness, and acceptance of AI guided 

recommendations. The findings revealed that although 

awareness of climate change is moderately high, knowledge 

of carbon footprint principles remains low. Digital readiness 

is increasing particularly among educated and urban groups 

yet there is still a strong need for simplified interfaces, 

localized examples, and clear explanations to support 

meaningful engagement. 

The system was developed using a Design Science Research 

methodology and implemented as a modular web platform 

built in React. Emissions calculation followed the 

Greenhouse Gas (GHG) Protocol, IPCC 2006 Guidelines, 

and Zambia’s Carbon Market Framework, using national 

emission factors. The calculator supports multiple sectors 

including electricity, transport, agriculture, waste, and 

forestry. A Retrieval-Augmented Generation engine was 

integrated to deliver personalized, Zambia-specific 

sustainability recommendations, combining local mitigation 

practices, national policy guidelines, and empirically 

validated behavioral insights. The tool effectively bridges 

the gap between users’ limited carbon literacy and the need 

for localized climate-action guidance at individual and 

community level. 

This research contributes a validated methodological 

framework and a practical digital solution that aligns with 

Zambia’s Measurement, Reporting, and Verification 

requirements under the Green Economy and Climate 

Change Act. The system has significant potential for use in 

households, schools, businesses, and community programs, 

supporting national low-carbon development and climate 

education initiatives. Future work will focus on expanding 

datasets, integrating real-time energy, enhancing AI 

explainability, and aligning the platform with emerging 

carbon market opportunities in Zambia. 
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1. Introduction 

Climate change remains a major global challenge with profound effects on the environment, economies, and society as a 

whole. A critical factor fueling this crisis is the steady rise in greenhouse gas (GHG) emissions, predominantly resulting from 

human pursuits such as energy use, transportation, and waste production (Chuvieco et al., 2021; Holka et al., 2022). Central to 

addressing this issue is the concept of the carbon footprint, defined as the total GHG emissions directly and indirectly linked to 

individual, collective, or organizational activities. This metric has become increasingly prominent in climate change discourse, 

having evolved from the broader ecological footprint by specifically targeting carbon emissions instead of overall resource use 

(Purwanto et al., 2019; Ji et al., 2024). Notably, carbon footprint calculations can be applied at various scales, including 

products, households, cities, and even entire nations (Han et al., 2022). The carbon footprint concept, defined as the total GHG 

emissions attributable directly or indirectly to activities or entities, remains central to climate action strategies worldwide 
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(Klaaßen & Stoll, 2021).  

Globally, standardized carbon calculators such as those 

developed by the International Civil Aviation Organization 

(ICAO) and the World Wide Fund for Nature (WWF) play a 

pivotal role in estimating greenhouse gas emissions across 

various sectors. However, these tools are primarily designed 

based on data and assumptions relevant to developed 

country contexts, which limits their applicability in regions 

with distinct energy systems and cultural practices. In 

particular, African contexts, characterized by unique 

transport modes, traditional cooking methods, and differing 

energy consumption patterns, remain underrepresented in 

these calculators. This gap highlights the need for more 

regionally tailored carbon accounting methodologies that 

better reflect local realities to enhance accuracy and 

relevance in climate action planning (Nyangarika, 2024; 

World Wide Fund for Nature, 2025; International Civil 

Aviation Organization, 2025). 

In Zambia, climate change presents acute vulnerabilities 

including rising temperatures, rainfall variability, and 

reliance on hydroelectric power, exacerbating energy 

insecurity and environmental risks (Hinfelaar, 2025). 

Charcoal production, the dominant household cooking fuel 

source, is a major driver of forest degradation and 

emissions, contributing an estimated 2-3 tonnes CO2 per 

capita annually. Remote sensing data quantifies this impact, 

providing emission factors linked to land-use change and 

biomass burning (Chidumayo & Gumbo, 2013; Wathum et 

al., 2016). 

Public awareness of the carbon footprint concept in Zambia 

remains limited, with a notable gap in understanding how 

individual emissions contribute to climate change and the 

practical steps for reducing personal impact. This deficit is 

compounded by challenges in sustainable environmental 

practices, underscoring the critical need for enhanced 

education and outreach initiatives (Zambia Environmental 

and Social Systems Assessment, 2025). Addressing this gap 

is essential to empower communities to engage effectively 

in climate action and promote sustainable development and 

pro-environmental behaviour within the country. A pro-

environmental behaviour is any choice or action taken by 

individuals and manufacturers to minimise the adverse 

impacts of their activities on the environment (Amoah & 

Addoah, 2020). Despite growing public awareness, 

accessible digital tools for personal emissions tracking and 

reduction remain scarce, highlighting a gap between climate 

knowledge and actionable behavior. Regionally tailored 

platforms offering culturally relevant, actionable 

sustainability recommendations are needed to close this gap 

(Clube & Hazemba, 2024). 

 

 
 

Fig 1: Global CO2 and CH4 emission trend (EDGARv6.0, scaled 

to 2021 with IEA data): 

The motivation for this research arises from critical gaps in 

climate change mitigation and sustainability digital tools, 

especially tailored to Zambia’s unique context. Zambia’s 

energy sector heavily depends on hydropower, which is 

highly vulnerable to climate variability such as droughts. 

During severe drought months, reliance on diesel backup 

generation spikes, causing local carbon emissions estimated 

at up to 27,000 tonnes of CO2, underscoring the urgent need 

for targeted interventions (Ahmed et al., 2020; World Bank, 

2024). However, there is a noticeable absence of digital 

carbon footprint tracking tools adapted to Zambia’s energy 

use patterns, transport modalities, and socio-economic 

realities, which limits effective public engagement in carbon 

reduction efforts. Existing carbon calculators are mostly 

designed for developed countries, failing to capture local 

specificities and thus reducing their relevance and impact in 

the Zambian context (Clube & Hazemba, 2024; Hinfelaar, 

2025). 

Furthermore, public understanding of the carbon footprint 

concept in Zambia and similar African countries remains 

low, often with limited capacity to translate awareness into 

behavior change (Azeez et al., 2024; Umar et al., 2025). 

This calls for educational and user-friendly digital tools that 

not only calculate carbon footprints accurately but also 

facilitate comprehension and motivate sustainable 

behavioral shifts. Understanding the dynamics of climate 

change consciousness in this context is critical to developing 

effective interventions and policies that enhance community 

resilience and public health preparedness (Mfinanga et al., 

2024). Furthermore, addressing the gaps in awareness and 

research will strengthen multi-sectoral collaborations and 

support for adaptive strategies necessary to mitigate the 

adverse health impacts of climate change in the region 

(Atwoli et al., 2022). 

On a broader scale, most existing carbon footprint 

calculators globally tend to provide static, generalized 

outputs with minimal personalization. Integrating recent 

advances in behavioral science and artificial intelligence 

(AI) promises to enhance engagement and effectiveness. AI-

enabled tools using methods like Retrieval-Augmented 

Generation (RAG) can deliver dynamic, context-aware, and 

personalized recommendations, addressing the limitations of 

traditional calculators (Jasim et al., 2024; Mustafa et al., 

2025). 

By developing a localized, web-based platform to track 

carbon footprint that incorporates local datasets, AI 

supported behavioral insights, and accessible educational 

resources, this study aims to bridge these gaps. The platform 

will empower individuals in Zambia to track, understand, 

and reduce their carbon footprint in culturally and regionally 

relevant ways, contributing practically to climate mitigation 

efforts and advancing academic understanding of AI-

enhanced sustainability technologies. 

Climate change remains a major global challenge with 

profound effects on the environment, economies, and 

society as a whole. A critical factor fueling this crisis is the 

steady rise in greenhouse gas (GHG) emissions, 

predominantly resulting from human pursuits such as energy 

use, transportation, and waste production (Chuvieco et al., 

2021; Holka et al., 2022). Central to addressing this issue is 

the concept of the carbon footprint, defined as the total GHG 

emissions directly and indirectly linked to individual, 

collective, or organizational activities. This metric has 

become increasingly prominent in climate change discourse, 
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having evolved from the broader ecological footprint by 

specifically targeting carbon emissions instead of overall 

resource use (Purwanto et al., 2019; Ji et al., 2024). 

Notably, carbon footprint calculations can be applied at 

various scales, including products, households, cities, and 

even entire nations (Han et al., 2022). 

In Zambia, awareness of climate change is growing but is 

uneven and often limited by gaps in access to regionally 

relevant information and tools. Many Zambians gain climate 

knowledge from informal channels such as community 

meetings and social media, yet overall climate literacy 

remains low, especially among rural and vulnerable groups 

(Institute of Economic and Social Research (INESOR) & 

University of Zambia, 2022; Mwanza et al., 2023). This 

limited understanding results in unsustainable practices and 

inadequate adaptation strategies, impeding effective 

individual-level climate action. Effectively understanding 

and managing carbon footprints is essential for mitigating 

climate change, as emission reductions represent a 

significant pathway to restrain global warming and avert 

severe environmental impacts (Labaran et al., 2022). 

Despite international accords like the Paris Agreement, 

emissions continue to rise, with individual behaviors playing 

a major role. Therefore, public awareness and 

comprehension of personal and collective carbon footprints 

play a pivotal role in encouraging environmentally 

responsible behavior (Wongsaichia et al., 2025). When 

individuals hold positive attitudes and greater awareness of 

carbon impacts, they are more likely to adopt proactive and 

sustainable practices, while lack of concern or 

understanding can impede the implementation of effective 

climate action (Attari et al., 2019). In turn, heightened 

climate change awareness can influence household and 

community decisions, driving the adoption of practices that 

are more aligned with climate mitigation goals. 

Existing international carbon footprint calculators 

predominantly use emission factors and lifestyle 

assumptions from developed countries. Studies in Zambia 

show that during droughts when hydropower generation 

falls, backup diesel generation by ZESCO and large 

consumers emits up to ~27,000 tonnes CO₂ in the worst 

month (Ahmed et al., 2020). Also, household energy studies 

(e.g. Baltruszewicz et al., 2021) reveal high use of biomass 

(firewood, charcoal) and reliance on diesel generators when 

grid supply is unreliable. These local patterns are often not 

captured adequately by international carbon calculators, 

which tend to use emission factors and lifestyle norms from 

developed countries. Additionally, most calculators provide 

static, generic recommendations that lack the 

personalization and engagement needed to motivate 

sustained behavior change. 

These gaps collectively restrict individuals’ ability to 

contribute meaningfully toward national and global climate 

mitigation efforts, limiting the potency of bottom-up climate 

action. Without locally tailored, AI-enhanced, and user-

centric digital platforms, Zambia risks underutilizing 

technology’s potential to drive sustainable behavioral 

transformation, ultimately slowing progress toward climate 

resilience and emissions reduction targets (CIFOR, 2021). 

Moreover, research highlights that the absence of 

personalized feedback and real-time emissions data acts as a 

significant barrier to the adoption of sustainable lifestyles 

(Feroz et al., 2021). Bridging this gap requires accessible, 

dynamic platforms that empower individuals with tailored 

recommendations and interactive environmental data, 

enabling informed decision-making and fostering a 

community committed to sustainability. 

The overall objective of this study is to design and develop a 

web-based platform that enables individuals in Zambia to 

track, understand, and reduce their carbon footprints through 

accurate calculations and Artificial Intelligence–supported 

personalized recommendations that promote sustainable 

lifestyle choices. Specifically, the study aims to: design and 

implement a user-friendly web platform that estimates 

carbon emissions from key activities such as electricity, 

transport, agriculture, waste, and forestry by integrating a 

carbon calculation engine based on global accounting 

standards with local emission factors and OpenWeatherMap 

data; develop an AI-supported recommendation system 

using Retrieval-Augmented Generation (RAG) to generate 

personalized, actionable strategies for reducing emissions 

according to individual behaviours; and analyse the 

effectiveness of these AI-generated recommendations 

compared to static expert-curated advice in fostering user 

engagement and sustainable behavioural change. 

 

2. Literature Review 

Carbon footprint calculation methodologies are vital for 

assessing the environmental impact of individual and 

organizational activities.Globally, carbon footprint tools 

have been shaped by frameworks such as the Greenhouse 

Gas (GHG) Protocol, ISO standards (e.g., ISO 14064), and 

IPCC guidelines, which organize emissions into Scopes 1 

(direct), 2 (indirect from purchased energy), and 3 (other 

indirect, e.g., supply chain). Life Cycle Assessment (LCA) 

and Input-Output Analysis (IOA) are common 

methodologies, their strengths being systematic coverage 

and comparability, but their main weaknesses include the 

availability and localisation of emission factors. (Valls-Val 

& Bovea, 2021; Intergovernmental Panel on Climate 

Change (IPCC), 2022; Miao et al., 2023) The concept of the 

carbon footprint stems from the need to measure and 

manage greenhouse gas (GHG) emissions from human 

activities. According to the Intergovernmental Panel on 

Climate Change (IPCC, 2019), a carbon footprint refers to 

the total GHG emissions expressed in carbon dioxide 

equivalents (CO₂e). Carbon footprint (CF) accounting is 

foundational to climate mitigation. 

Traditional life cycle assessment (LCA) methods quantify 

emissions across sectors but often lack real-time 

responsiveness. Recent innovations propose AI-enhanced 

systems using large language models (LLMs) and retrieval-

augmented generation (RAG) to streamline CF estimation 

(Holka et al., 2022; Wang et al., 2024). Emission 

accounting frameworks such as the GHG Protocol, IPCC 

Tier 1–3 methodologies, and ISO 14064 standards have 

been widely adopted to provide consistent methods for 

calculating emissions across sectors. Tools based on these 

frameworks such as the World Wide Fund for Nature 

(WWF) Carbon Footprint Calculator and the International 

Civil Aviation Organization (ICAO) Flight Calculator 

simplify emission estimation for individuals and 

organizations. However, most rely on datasets from 

developed regions and assume global averages for energy 

and transport patterns (EMB Global Blog, 2024; ICAO, 

2025). This limits their accuracy and usability in African 

contexts, where energy sources and transport infrastructures 

differ significantly. 
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Digital platforms increasingly promote sustainable behavior 

by enabling individuals to monitor and reduce their carbon 

footprints. Perceived carbon impact (PCI), defined as the 

perception and understanding of one's carbon footprint and 

its environmental implications, plays a crucial role in 

influencing decisions about consumption, transportation, 

and waste management. Wongsaichia et al. (2025) 

emphasize PCI’s role in shaping sustainable choices, with 

openness to green technology adoption acting as a 

moderating factor. 

Platforms offering real-time feedback, personalized 

recommendations, and community engagement demonstrate 

increased user awareness and behavioral shifts (Jasmy et al., 

2024). In a UAE-based study, Artificial intelligence driven 

mobile applications significantly influenced subjective 

norms around sustainability, even when attitudes and 

intentions remained stable suggesting that social influence 

mechanisms embedded in digital platforms can be powerful 

drivers of change. 

Data shows that individual decisions account for 60–70% of 

total emissions, particularly in household energy use, food 

consumption, and transportation. Chuvieco et al. (2021) 

found that external factors such as income, education, and 

occupation predominate as predictors of personal carbon 

footprints, rather than internal motivations like climate 

concern. This suggests that platforms must address both 

structural and behavioral drivers. 

Artificial intelligence (AI) is transforming environmental 

management by processing large datasets, identifying 

patterns, and delivering predictive insights (Feroz et al., 

2021). In sustainability contexts, AI has been applied to: 

a) Predictive analytics for energy demand and renewable 

grid optimization 

b) Computer vision for environmental monitoring (e.g., 

deforestation and pollution tracking) 

c) Machine learning for emission modeling 

d) Generative AI for climate communication and 

education 

A significant addition is Retrieval-Augmented Generation 

(RAG), which merges information retrieval with generative 

capabilities to produce factual, context-rich outputs. This 

hybrid approach supports dynamic, personalized feedback 

grounded in validated knowledge sources (Wang et al., 

2024; Zou et al., 2025). RAG systems overcome limitations 

of traditional models by retrieving domain-specific 

knowledge and embedding it into user-facing interfaces 

(Aslan et al., 2025). 

Within this project, RAG enables Artificial intelligence 

supported personalized recommendations by combining 

global emission knowledge with user-specific data, yielding 

realistic and actionable sustainability strategies. 

Incorporating RAG represents a novel methodological 

contribution to sustainability informatics which is crucial for 

providing access to sustainability data and fostering 

informed decision-making. 

Zambia confronts a critical duality in its environmental 

awareness landscape. Public recognition of climate change 

is substantial, primarily driven by the acute, immediate 

experience of adverse impacts such as droughts, floods, and 

associated disease outbreaks. This adaptation awareness is 

high in salience and is rapidly increasing in perceived 

severity across the populace. However, formal conceptual 

literacy remains moderate and unevenly distributed. A slim 

majority of Zambians (55% in 2022) report having heard of 

climate change, a figure that is volatile and subject to recent 

swings, contrasting sharply with the 82% to 78% of aware 

citizens who state climate change is actively worsening their 

lives. Sub-Saharan Africa faces environmental challenges 

driven by urbanization, deforestation, and energy 

dependency. Zambia has acute climate vulnerabilities, 

including droughts, floods, and rising temperatures. 

Sub-Saharan Africa, while responsible for just 3% of global 

cumulative emissions, suffers disproportionately from 

climate impacts (Atwoli et al., 2022). Comparative research 

on climate change consciousness across sub-regional and 

continental levels remains scarce, particularly in Sub-

Saharan Africa. Achieving the Paris Agreement’s goals 

requires accelerated climate adaptation and mitigation 

efforts. 

In Zambia, hydroelectric power dominates the energy mix, 

yet rural areas heavily rely on charcoal and firewood 

(Hinfelaar, 2025; Clube & Hazemba, 2024). Transportation 

emissions are elevated due to an aging vehicle fleet and 

limited access to low-emission alternatives. No 

comprehensive, localized carbon footprint calculator 

currently exists to help individuals in Zambia manage their 

emissions. Given the region’s vulnerability and low 

emissions literacy, tools that empower individuals and 

communities to understand and reduce emissions are 

urgently needed. 

 

 
Data Source(s): Climate Watch (2024) 

 

Fig 3: Zambia's emissions breakdown (2000 – 2021). 

 

Zambia has set an ambitious NDC target to reduce 

greenhouse gas emissions by 47% by 2030, with specific 

targets concentrating on the agriculture, forestry, and energy 

sectors (Food and Agriculture Organization (FAO), 2024). 

Carbon footprint tracking here extends beyond a technical 

function. It serves as a catalyst for climate justice, resilience, 

and informed decision-making. This study bridges the gap 

by combining global emission data with local context 

factors such as fuel types, electricity sources, and regional 

behaviors, thereby providing users with more relevant and 

realistic insights into their environmental impact. 

The reviewed literature reveals several important gaps that 

motivate this study and shape the research questions. First, 

existing carbon footprint calculators are largely designed for 

high‑income countries and embed emission factors, energy 

mixes, transport modes, and behavioral assumptions that do 

not reflect the realities of Zambia and similar African 

contexts. As a result, they provide poor estimates for users 

whose livelihoods depend on charcoal, informal transport, or 

hydropower‑constrained grids, and they fail to capture local 

mitigation opportunities. This gap directly motivates the 

research question on how a web‑based carbon footprint 
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platform can be tailored to Zambia’s energy and transport 

context and informs the design of this study’s localized 

calculator engine, which incorporates Zambian emission 

factors, national policy parameters, and region‑specific 

activity data. 

Second, the literature on climate awareness in Zambia and 

sub‑Saharan Africa consistently reports moderate awareness 

of climate change but very low carbon literacy, with limited 

understanding of the quantitative contribution of daily 

activities and scarce exposure to digital carbon‑tracking 

tools. Few studies move beyond diagnosis to test concrete, 

user‑facing interventions that transform awareness into 

measurable, individualized feedback and behavioral 

guidance. This gap shapes the research questions that 

examine how a web‑based platform can improve user 

understanding of personal emissions and what kinds of 

interface features, explanations, and feedback loops are most 

effective. The platform developed in this study responds to 

this gap by embedding simple, contextualized visualizations, 

localized examples, and interactive feedback that make 

abstract emission concepts tangible for Zambian users. 

Third, although recent work highlights the potential of 

digital platforms for sustainability, much of it relies on static 

calculators and generic advice, with limited use of artificial 

intelligence to personalize recommendations or adapt to user 

behavior over time. There is a lack of empirical evidence on 

AI‑enabled carbon tools in emerging economy settings, 

particularly those that combine Retrieval‑Augmented 

Generation with behavioral science insights to deliver 

localized, actionable guidance. This gap underpins the 

research questions on whether AI‑supported 

recommendations can enhance user engagement and 

perceived usefulness compared with conventional static 

content. The EcoGuide platform explicitly addresses this by 

integrating a RAG‑based engine that retrieves Zambian 

policy documents, local mitigation practices, and domain 

knowledge to generate context‑aware suggestions aligned 

with users’ profiles and baseline data. 

Finally, while several frameworks discuss climate 

education, digital literacy, and policy communication in 

Zambia, there is limited integration of these strands into a 

single, operational system that also supports national 

Measurement, Reporting, and Verification (MRV) and 

climate education objectives. Existing studies often examine 

policy or education in isolation from concrete software 

artifacts that citizens can use. This gap informs the research 

questions that ask how a web‑based platform can 

simultaneously support individual users, educational 

institutions, and policy implementation. The present study 

responds by designing EcoGuide as a modular, 

MRV‑aligned platform that can be deployed in households, 

schools, and community programs, thereby operationalizing 

climate education and low‑carbon development goals within 

a single digital tool. 

 

3. Methodology 

3.1 Research Design 

The study adopts a design science research (DSR) 

methodology, where the primary objective is to design, 

build, and evaluate Zambia-specific carbon footprint 

tracking system. Design Science Research was the most 

appropriate framework because the project aims to develop 

a functional software artifact that solves a real-world 

environmental information gap for low carbon literacy and 

lack of personalized mitigation support. The research 

follows an iterative development cycle comprising problem 

identification, requirements analysis, project design and 

implementation, and evaluation, with each iteration 

informed by empirical data and domain knowledge. 

A mixed-methods strategy was used in the research: 

quantitative methods are used to formalize carbon emission 

calculations and validate accuracy against Zambia’s national 

emission factors, while qualitative methods support the 

evaluation of usability, user experience, and practical 

relevance. Also, Quantitative research was done through a 

structured questionnaire assessing awareness, attitudes, 

digital readiness, and carbon literacy among Zambian users. 

The development process followed the Iterative and 

Incremental Model, allowing continuous refinement of 

system modules, APIs, the AI engine, and interface 

components. The design is further informed by best 

practices from software engineering, including modular 

architecture, layered design, and agile development 

processes. 

 

3.2 Baseline Study 

The baseline study established the empirical and technical 

foundation for the system by characterizing user needs, 

emission data requirements, existing solutions, and suitable 

technologies. It combined collection of Zambia-specific 

emission factors, analysis of existing carbon tracking tools, 

literature review of carbon accounting and environmental 

informatics, and evaluation of software stacks suited to a 

scalable web-based solution. 

Because the system integrates climate education, 

personalized AI recommendations, and interactive digital 

tools, it was essential to begin with an assessment of the 

target population’s perceptions, familiarity, and needs. This 

ensured that the platform would be contextually relevant, 

culturally appropriate, and aligned with the actual literacy 

levels and digital capabilities of Zambian users. The 

baseline study therefore aimed to evaluate four major 

constructs: 

1) Awareness of Climate Change and Carbon Footprint 

Concepts 

This dimension assessed respondents’ familiarity with 

fundamental environmental terms. Previous studies have 

shown that while general awareness of climate change is 

moderately high in Zambia, literacy around technical terms 

such as carbon footprint remains low (Kapuka, 2017; 

Chuvieco et al., 2021; Mwanza et al., 2023). Understanding 

this gap was crucial for designing system features, 

especially the AI education layer and knowledge base used 

within the RAG engine. 

 

2) Attitudes Toward Environmental Sustainability 

These measures provided insight into whether respondents 

viewed climate change as a serious threat, and whether they 

were willing to adopt behavior changes. This informed the 

motivational structure of the platform, including 

gamification, action-level difficulty scaling, and the design 

of personalized recommendations. 

 

3) Digital Readiness and Ability to Use a Carbon Tracking 

Application 

Since the platform operates as a responsive web application, 

user readiness was essential to evaluate. The baseline 

assessed access to devices, comfort with digital interfaces, 
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and prior experience with similar tools. These findings 

guided decisions around interface simplicity, visual design, 

and mobile responsiveness. 

 

4) Acceptance of AI-Assisted Recommendations 

This dimension was grounded in the Technology 

Acceptance Model (TAM), evaluating perceived usefulness, 

ease of use, trust in automated systems, and willingness to 

follow Artificial intelligence driven guidance. Results 

informed the integration of the RAG system, the complexity 

of explanations attached to recommendations, and the level 

of transparency required within the AI module. 

 

3.3 Data Collection 

Four main categories of data were collected: carbon 

emission data, structured questionnaire, user and functional 

requirements, and technical/architectural requirements. 

 

1) Carbon emission data 

The carbon footprint calculator was designed according to 

GHG Protocol methods, using the fundamental formula: 

 

  
 

Equation 1: GHG Protocol methods, The fundamental formula 

 

International frameworks such as the GHG Protocol, ISO 

14064, VCS and IPCC Guidelines is used to standardize 

calculation approaches and fill gaps where local factors are 

incomplete. The global carbon accounting standards 

collected on this project, include: 

1. The GHG Protocol (Scopes 1, 2, and 3) 

2. IPCC 2006 & 2019 Refinement Guidelines 

3. ISO 14064 (GHG quantification and reporting) 

4. The Zambian Carbon Market Framework (2025) 

5. National Grid Emission Factor reports (ERB & Ministry 

of Green Economy) 

The official national carbon emission factors for Zambia, as 

defined in the 2025 Grid Emission Factor Report and the 

2023 Energy Sector Report published by the Ministry of 

Green Economy and the Energy Regulation Board (ERB), 

provide standardized data for carbon accounting across 

multiple sectors. These factors are consistent with IPCC 

2006 and UNFCCC methodologies and reflect the country’s 

latest data as of 2025. (Ministry of Green Economy and 

Environment (MGEE), 2024; Ministry for Green Economy 

and Environment & Energy Regulation Board, 2025). 

 

a) Electricity and Fuels 

 
Table 1: The Zambia Grid Emission Factor (GEF) representing the 

weighted average greenhouse gas intensity of grid electricity 
 

Parameter Emission Factor Unit 

Operating Margin (OM) 0.2084 tCO₂/MWh 

Build Margin (BM) 0.5974 tCO₂/MWh 

Combined Margin (CM) 0.4029 tCO₂/MWh 

Adjusted Margin for Solar/Wind 0.3057 tCO₂/MWh 

 

Fuels used in domestic energy and small industries follow 

IPCC default factors with national cross-validation: 

 

 

 

 

Table 2: Factors for Fuels used in domestic energy and small 

industries 
 

Fuel Type Emission Factor Unit 

Diesel 2.68 kg CO₂/litre 

Petrol (Gasoline) 2.31 kg CO₂/litre 

Liquefied Petroleum Gas (LPG) 1.51 kg CO₂/litre 

Coal (Sub-bituminous) 96.1 t CO₂/TJ 

  

b) Transport Sector 

 
Table 3: Emission factors for vehicles depend on fuel use and 

distance traveled 
 

Vehicle/Fuel Type Emission Factor Unit 

Petrol vehicles 2.31 kg CO₂/litre 

Diesel vehicles 2.68 kg CO₂/litre 

LPG/CNG vehicles 1.6 kg CO₂/litre equivalent 

Average passenger car 0.18 kg CO₂/km 

Heavy-duty diesel truck 0.8 kg CO₂/km 

 

c) Agriculture 

According to Zambia’s Climate-Smart Agriculture 

Programme (CSA, 2024), 93% of national greenhouse gas 

emissions arise from agriculture, forestry, and land use 

activities. 

 
Table 4: Agriculture Emission factors 

 

Parameter 
Emission 

Factor 
Unit 

Cattle enteric fermentation 49 kg CH₄/head/year 

Manure management (cattle) 1.8 kg CH₄/head/year 

Synthetic fertilizer use 4.9 kg CO₂/kg N applied 

Farm land emissions 2.3 t CO₂e/ha/year 

 

d) Waste Management 

The Zambia Circular Economy Study (2024) and ZEMA 

waste audits provide indicative factors: 

 
Table 5: Waste Management indicative Factors 

 

Parameter 
Emission 

Factor 
Unit 

Household solid waste (mixed) 0.36 t CO₂e/tonne waste 

Organic waste composted 0.09 t CO₂e/tonne 

Plastic waste recycled 0.02 t CO₂e/tonne 

Average household (urban) 0.52 t CO₂e/capita/year 

  

e) Forestry and Land Use 

Land use change remains Zambia’s dominant emissions 

driver, with deforestation contributing over half of national 

GHGs. 

 
Table 6: Forestry and Land Use Emission factors 

 

Parameter 
Emission 

Factor 
Unit 

Land cleared 

(deforestation) 
150 t CO₂e/ha 

Land reforested −30 t CO₂e/ha/year 

Charcoal production 7.8 t CO₂e/tonne charcoal 

 

These emission factors are consistent with the IPCC 2006 

guidelines' Tier 1–2 methodologies, representing Zambia’s 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1407 

transition to localized Tier 2 reporting under the Enhanced 

Transparency Framework. The Grid Emission Factor (GEF) 

Report 2025 defines Zambia’s official national electricity 

grid factor under the Supporting Preparedness for Article 6 

Cooperation (SPAR6C) programme, while the Energy 

Sector Report 2023 and CSA Project 2024 provide empirical 

updates for fuel, agriculture, and waste profiles. 

Consequently, these data form the academic and policy 

baseline for carbon accounting, Nationally Determined 

Contributions (NDCs), and project assessments within 

Zambia’s low-carbon development framework. 

Table below sumarizes Zambia National Emission Factors 

used in this project, including electricity (0.4029 kg 

CO₂/kWh for the national grid; 0.3057 kg CO₂/kWh for 

renewable supply), transport fuels (2.7 kg CO₂/litre diesel; 

2.31 kg CO₂/litre petrol), livestock (1708 kg CO₂e/head/year 

for cattle with additional factors for other species), fertilizer 

use, waste (0.75 kg CO₂e/kg for urban mixed waste), and 

forestry (e.g., 2.75 t CO₂e/ha/year for deforestation). 

 
Table 7: Summary of Zambia National Emission Factors used in 

this Project 
 

Activity Emission Factor 

Grid electricity 0.4029 kg CO₂/kWh 

Renewable Elecrticity 0.3057 kg CO₂/kWh 

Diesel combustion 2.70 kg CO₂/L 

Petrol 2.31 kg CO₂/liter 

Livestock 1708 kg CO₂e/head/year 

Fertilizer (N-based) 6.3 kg CO₂e/kg 

Solid waste 0.75 kg CO₂e/kg 

Forest loss 2.75 t CO₂e/ha/year 

 

2) Awareness Assessment and Data collection Methods 

Data for this study was collected using a structured 

questionnaire administered through both online and 

in‑person channels. The online version was implemented 

using Google Forms and distributed via WhatsApp groups 

and institutional networks in selected institutions in 

Northern, Lusaka, Copperbelt and Luapula provinces, while 

printed copies were used for respondents with limited digital 

access. This mixed distribution strategy was chosen to reach 

diverse demographic groups and varying levels of digital 

readiness, thereby improving the representativeness of the 

intended user base of the Carbon Footprint Tracker 

application. 

The questionnaire was divided into six sections, each 

aligned with constructs from the baseline study and mapped 

to system requirements, Technology Acceptance Model 

(TAM) constructs, and RAG‑based personalisation needs. 

 

a) Demographic information 

This section captured respondents’ age, gender, education 

level, occupation and province of residence. These variables 

enabled comparative analysis of climate literacy, 

environmental attitudes, digital readiness and AI acceptance 

across socio‑economic and geographic groups, and were 

later used to define user segments for personalisation rules 

and default interface configurations in the application. 

 

b) Climate change and carbon literacy 

Items in this section assessed awareness of climate change, 

understanding of carbon emissions and their sources, 

familiarity with terms such as “carbon footprint”, and 

perceptions of the causes and effects of emissions at local 

and national level. Responses were used to estimate users’ 

climate and carbon literacy levels, which then guided the 

depth of in‑app explanations, the reading level of 

educational content, and the structure of the knowledge base 

used in the RAG engine. For users with lower literacy, the 

system design emphasised simple definitions, local 

examples and step‑by‑step guides, while more advanced 

users were targeted with richer, data‑driven insights. 

 

c) Environmental attitudes and sustainable behaviours 

This section measured perceived seriousness of climate 

change, willingness to change individual behaviour, 

frequency of eco‑friendly practices (such as energy saving 

and waste separation), sense of personal responsibility for 

emissions, and motivation to adopt sustainable behaviours. 

These variables informed behavioural and motivational 

design choices, including goal‑setting modules, progress 

indicators, behaviour‑change nudges and reminders, and 

difficulty‑level tagging of recommendations (for example, 

“low‑effort, low‑cost” versus “high‑impact, higher‑effort”). 

In the implemented system, these responses serve as inputs 

to the recommendation and gamification engines, 

influencing which actions are prioritised and how they are 

framed for different user profiles. 

 

d) Technology readiness and acceptance (TAM) 

This section operationalised the Technology Acceptance 

Model to assess the likely adoption of the Carbon Footprint 

Tracker. Items measured perceived ease of use of a 

carbon‑tracking application, perceived usefulness for 

managing and reducing personal emissions, intention to use 

such an application, comfort with web and mobile 

interfaces, and preference for interactive, guided 

recommendations. Quantitative scores from these items 

guided core interface and interaction design decisions, such 

as prioritising simple, linear navigation, concise mobile‑first 

screens and prominent feedback messages, as well as 

calibrating the level of detail in on‑screen instructions, hints 

and walkthroughs. From a software perspective, 

TAM‑derived insights were used to justify interaction 

patterns, the degree of automation in workflows, and the 

design of onboarding flows intended to reduce perceived 

complexity and enhance perceived usefulness. 

 

e) Preferences for AI‑based recommendations 

This section explored users’ attitudes towards AI‑generated 

guidance, including trust in AI systems, willingness to 

follow AI‑generated advice, preferred explanation depth, 

desire for step‑by‑step improvement guidance, and 

perceptions of AI as an educational tool. The findings 

informed the structure and wording of prompts in the RAG 

pipeline, the inclusion of AI transparency features (such as 

labelling AI‑generated content and providing “Why this 

recommendation?” explanations), and the formatting of 

recommendations using bulleted steps, Zambia‑specific 

examples and optional “learn more” sections. For users 

indicating low trust in AI, fallback rules were defined so that 

the system relies more heavily on rule‑based or 

template‑based recommendations while still preserving 

personalisation. 

 

f) Open‑ended questions 

The final section contained open‑ended questions inviting 

respondents to describe their understanding of the term 
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“carbon footprint”, perceived barriers to sustainable 

behaviour in their context, ways technology could support 

climate awareness and action, and additional features they 

would expect in a carbon‑tracking platform. These 

qualitative responses were used in requirements engineering 

and content design, particularly for localising 

recommendations around issues such as charcoal use, public 

transport constraints and electricity load‑shedding, and for 

incorporating Zambia‑specific sustainability practices and 

income‑sensitive actions. 

 

3) User and functional requirements 

User and functional requirements were further informed by: 

(i) a comparative analysis of existing carbon‑tracking 

applications focusing on core features, data granularity, 

visualisation, engagement mechanisms and localisation 

capabilities; and (ii) user journey mapping to understand 

typical flows (data entry, trend review and recommendation 

consumption) and friction points in similar tools. From this 

analysis, functional and non‑functional requirements were 

extracted, including response time thresholds (for example, 

a target of not more than two seconds for emissions 

calculations), support for multiple emission categories 

(electricity, transport, livestock, fertiliser, waste and 

forestry), and the need for persistent user profiles and 

historical data. 

 

4) Technical and infrastructure requirements 

Technical and infrastructure requirements were specified for 

a cloud‑hosted, API‑integrated web application, covering 

performance, scalability, security and integration needs. 

External dependencies were identified, including an AI 

service for low‑latency recommendations, a weather data 

API for contextual environmental information, 

authentication and database services for secure user 

management and data storage, and a Zambia‑specific 

emission‑factors library to encapsulate local emission 

parameters. 

 

3.4 Research Approach 

The research approach combined: (i) systematic literature 

review, (ii) competitive analysis of existing systems, and 

(iii) technology evaluation. The literature review covered 

environmental informatics, carbon accounting, human 

computer interaction, and gamification, focusing on 

peer‑reviewed work published mainly between 2019 and 

2024 to ensure methodological currency. 

The competitive analysis examined existing carbon footprint 

calculators along five dimensions: functional capabilities, 

user experience, technical architecture, data integration, and 

engagement features. Evaluation criteria included 

calculation accuracy (against standard factors), usability, 

performance, and novelty of features such as gamification 

and Artificial intelligence driven recommendations. 

The technology evaluation compared front-end frameworks 

(React, Vue, Angular), back-end options (serverless vs 

traditional, SQL vs NoSQL), and API styles (REST vs 

GraphQL) considering performance, scalability, ecosystem 

maturity and ease of integration. This process informed the 

selection of Next.js (React), Firebase, and serverless API 

routes for the final architecture. 

 

3.5 Development of the Application 

The application was developed using an agile, iterative 

approach with time‑boxed sprints and continuous 

integration. Four development phases were defined; 

foundation, core features, advanced features and 

enhancement. Each phase delivered an incremental version 

of the system, followed by testing and refinement according 

to the validation strategy. 

 

3.6 System Design 

Initial development iterations, system design activities 

formalized the target architecture. Key principles included 

modularity, layered architecture, separation of concerns, 

security and maintainability. Architectural patterns such as 

MVC separation, repository-style data access, and modular 

feature components were applied to keep the system 

extensible and testable. 

 

 
 

Fig 4: High-Level Architecture Diagram 

 

Technology selection outcomes were: 

1. Frontend: Next.js (React) with TypeScript, Tailwind 

CSS, shadcn/ui and Framer Motion for responsive and 

accessible user interfaces. 

2. Backend: Next.js API routes (serverless) for carbon 

calculations, user management, recommendations and 

integration with external APIs. 

3. Data & services: Firebase Authentication, Firestore 

database, Zambia Emission Factors library, Groq AI, 

OpenWsseatherMap and a planned local AI fallback for 

offline or constrained scenarios. 

Below is the system design describing the structure, 

behaviour and data of the Carbon Footprint Tracker provide 

traceability between requirements, architecture, and code.  

 

 
 

Fig 6: System Software Level Architectural Design 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1409 

The system design phase establishes the technical 

architecture and infrastructure requirements necessary to 

support the application's functional and non-functional 

requirements. 

The context diagram positions the Carbon Footprint Tracker 

within its environment by illustrating interactions between 

the system, user groups, and external services. Individual 

users, mobile users and administrators interact with the web 

application to input activity data, view analytics, configure 

settings and manage content. 

 

 
 

Fig 7: Context Diagram - Carbon Footprint 

  

Externally, the system communicates with Zambia Emission 

Factors services using data obtained from ZEMA/ERB, the 

OpenWeatherMap API for weather data, Groq AI for 

recommendations, Firebase for authentication and data 

storage, and Vercel/CDN for hosting and content delivery. 

Data flows include carbon calculation requests, retrieval of 

emission factors, storage of computed results, and retrieval 

of contextual data for visualization and recommendations. 

 

1) System Software Level Architectural Design 

The software architecture follows a layered model 

comprising: (i) presentation layer, (ii) business logic layer, 

(iii) service layer, and (iv) data access layer. The 

presentation layer (Next.js/React with Tailwind and 

shadcn/ui) is responsible for rendering pages and 

components, managing user interactions and enforcing 

accessibility and responsive design. 

 

 
 

Fig 9: State Diagram 

  

The business logic layer encapsulates the Zambia carbon 

  

 
 

Fig 10: API Architecture 

 

Calculation engine, recommendation engine, gamification 

system and analytics services. The service layer exposes 

API routes for authentication, carbon calculations, weather, 

user management and recommendations, orchestrating 

interactions between the frontend, business logic and 

external services.  

The data access layer manages Firestore operations, external 

API calls, local caching and storage of Zambia emission 

factors, ensuring consistent and secure data handling. 

 

 
 

Fig 11: Data Flow Architecture 
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2) Modular Design of the System Function 

 

 
 

Fig 12: Component Architecture Details and Core Modules 

 

The system is decomposed into functional modules that can 

be developed and maintained independently. Core modules 

include Authentication, User Management, Zambia Carbon 

Calculation, Gamification, Recommendations, and Data 

Visualization. Integration modules manage external APIs 

(Groq AI, OpenWeatherMap, Zambia factors, social 

comparison), while infrastructure modules cover database, 

caching, logging and monitoring. 

Each module is defined by clear TypeScript interfaces, for 

example, a ZambiaCarbonCalculationModule that exposes 

methods such as calculateElectricity, calculateTransport and 

calculateForestry, and a GroqAIRecommendationModule 

that provides getPersonalizedRecommendations and related 

functions. This modularization enforces separation of 

concerns, supports automated testing at module level, and 

enables independent evolution of features without 

destabilising the entire system. 

 

3) System Class Diagram 

The class diagram models the main object-oriented 

structures and their relationships. Core classes include User, 

UserProfile, CarbonFootprint, EmissionData, 

Recommendation, TrackedRecommendation, Achievement, 

UserStats, UserChallenge and integration-related classes 

such as APIClient and WeatherData. Relationships capture 

how a user owns multiple carbon footprint records, how 

footprints aggregate multiple emission data entries, and how 

recommendations, achievements and challenges are tracked 

per user. 

 

 
 

Fig 14: System Class Diagram 

 

Methods such as calculateEmission, getHistory, 

getPersonalized, checkEligibility and updateStats define key 

behaviours required for carbon accounting, recommendation 

delivery and gamification logic. These class-level 

abstractions align with the modular architecture and are 

implemented through strongly-typed TypeScript constructs. 

 

4) System Data Model Design 

The database design follows normalization principles (3NF). 

The data model is implemented in Firebase Firestore and 

optimized for real-time updates and scalable queries. 

Root collections include users, carbonFootprints, userStats, 

userRecommendations, trackedRecommendations, 

recommendations, leaderboard, userAchievements and 

userChallenges. Documents within these collections follow 

defined schemas with enforced constraints and indexes 

The ERD shows one-to-many relationships between User 

and CarbonFootprint, User and TrackedRecommendation, as 

well as one-to-one relationships between User and 

UserProfile and User and UserStats. Composite and single-

field indexes are configured for frequent queries (e.g., 

carbon footprints by user and timestamp, leaderboard by 

period and rank), and Firestore security rules enforce access 

control, data validation, and referential integrity. TypeScript 

interfaces mirror Firestore schemas, supporting compile-

time checks and reducing runtime errors. 

 

 
 

Fig 15: System Data Model Design 
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5) User Interface Design 

User interface design follows a user‑centred, 

accessibility‑first approach. Wireframing and prototyping 

were used to design the main flows: onboarding, carbon data 

entry, dashboard overview, recommendation exploration, 

and gamification. The UI is implemented using Next.js 

pages and React components, styled with Tailwind CSS and 

shadcn/ui, with Framer Motion used for subtle animations to 

enhance engagement. 

Responsive design ensures seamless use on mobile, tablet 

and desktop through a mobile-first breakpoint strategy. 

WCAG 2.1 AA compliance guided decisions around colour 

contrast, keyboard navigation, semantic HTML and ARIA 

usage. Accessibility validation confirmed adequate contrast 

ratios, full keyboard operability and screen reader–friendly 

markup, ensuring that the application is inclusive and usable 

by a diverse audience. 

  

3.7 Ethical Considerations 

Ethical considerations upheld data privacy, security, 

transparency, AI usage and behavioural impact. User data is 

stored securely using Firebase Authentication and Firestore 

with encrypted transport and strict access rules, and only the 

minimum data necessary for functionality is collected. There 

is Secure handling of digital data using encryption and 

token-based authentication. Users retain control over their 

data, including options for data deletion and consent for 

sharing or participation in leaderboards and social 

comparison features.  

The application transparently documents its carbon 

calculation methods, emission factors and data sources, 

including uncertainty ranges, to avoid misleading users or 

engaging in “greenwashing”. Artificial intelligence driven 

recommendations (via Groq AI and local AI) are subject to 

fairness and bias considerations, including periodic audits, 

explanation of recommendations where feasible, and human 

oversight for content. The design avoids guilt-based 

messaging, focusing instead on evidence-based, realistic and 

positive behaviour change, while acknowledging systemic 

constraints and the limits of individual action. 

 

3.8 Limitations 

Several methodological limitations should be noted. First, 

while the calculator uses Zambia’s latest national emission 

factors, some sectors still rely partly on IPCC defaults or 

regional estimates due to incomplete or evolving local data, 

introducing uncertainty into specific calculations. Second, 

evaluation relied on synthetic and pilot user data rather than 

large‑scale deployment, limiting the generalizability of 

usability, performance, and behavioural impact finding. 

Third, reliance on third‑party services such as Groq AI, 

OpenWeatherMap and Firebase introduces dependency risk; 

changes in APIs, pricing, or availability could affect 

long‑term sustainability. Digital literacy variation across 

Zambia may affect usability for rural users. 

The baseline sample may not fully represent all 

socioeconomic groups. Also, Internet connectivity 

constraints may limit adoption in remote areas. 

Finally, the study focuses on personal and small‑scale 

organizational emissions and does not fully address 

life‑cycle or supply‑chain emissions, so the methodology 

and project are not directly generalizable to all corporate or 

national GHG accounting contexts. 

  

4. Results 

The findings are presented in two parts: (1) Results from the 

baseline study, which assessed public awareness and 

attitudes towards climate change and carbon footprint 

tracking; and (2) Results from the system implementation 

and evaluation, which tested the accuracy, usability, and 

behavioral impact of the developed platform. 

The results are interpreted in the context of the study’s 

conceptual framework, which integrates the Technology 

Acceptance Model (TAM) and the Behavioral Change 

Framework, emphasizing how awareness, perceived 

usefulness, and personalized feedback influence 

environmental behavior. 

 

4.1 Baseline Study Results 

A total of 100 respondents from Lusaka, Copperbelt, 

Luapula, and Northen Provinces participated in the baseline 

survey. 

 
Table 8: The demographic results reflecting Zambia’s socio-

economic and educational diversity 
 

Variable 
Most Frequent 

Response 
Observations 

Gender Male (58%) 

Reflects higher male 

participation in digital 

surveys 

Age Group 26–35 years (42%) 
Most respondents were 

working-age professionals 

Province 
Lusaka (45%), 

Copperbelt (28%) 
High urban representation 

Educational 

Level 

Degree or Diploma 

(61%) 

Suggests literacy bias toward 

urban/educated respondents 

Occupation 
Students (33%), 

Professionals (29%) 

Typical of early adopters of 

digital platforms 

Technical 

Background 
Yes (54%) 

Mostly ICT, engineering, and 

environmental fields 

 

The findings shows that awareness and technical literacy in 

climate issues are unevenly distributed. Respondents from 

urban and peri-urban provinces (Lusaka and Copperbelt) 

demonstrated greater conceptual understanding of climate 

change and its causes, while participants from rural areas 

exhibited strong awareness of environmental degradation 

but less familiarity with technical mitigation concepts such 

as carbon footprinting. 

 

 
 

Fig 17: Survey Age Distribution 
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Fig 18: Occupation of the Respondents 

 

This supports earlier national studies showing a structural 

divide where education and occupational exposure strongly 

predict environmental literacy. Awareness of climate change 

in Zambia is deeply stratified along socio-economic and 

geographic lines, creating a structural gap that complicates 

inclusive policy implementation. Formal awareness is 

significantly higher among privileged segments of the 

population: men, urban residents, highly educated 

individuals, the economically well off, and older citizens 

(Institute of Economic and Social Research (INESOR) & 

University of Zambia, 2022). 

 

b) Climate Change and Carbon Footprint Awareness 

The responses were analyzed across the seven items in 

Section B of the questionnaire. The aggregated results are 

shown in Table below: 

 
Table 9: Awareness and Understanding of Climate Change and 

Carbon Footprint Concepts 
 

S. 

No 
Statement 

% “Yes” 

Responses 
Interpretation 

1 
I have heard about 

climate change. 
74% 

Moderate awareness consistent 

with prior surveys (44–55% 

national average). 

2 I have heard of the 

term “carbon 

footprint.” 

36% 

Awareness remains limited to 

professionals and tertiary 

students. 

3 I understand what 

causes carbon 

emissions. 

68% 

Understanding linked to 

observable practices 

(deforestation, fuel use). 

4 I know human 

activities 

contribute to 

carbon emissions. 

83% 

Reflects experience with 

droughts and floods linking 

human activity to climate 

events. 

5 
I have ever used a 

carbon calculator. 
8% 

Indicates absence of accessible 

carbon-tracking tools in 

Zambia. 

6 
I am aware that 

daily actions 

affect emissions. 

62% 

Higher in urban participants; 

lower in rural respondents due 

to limited electricity access 

(5.7% rural electrification). 

7 My community 

/workplace 

discusses climate 

change. 

71% 

Active discourse in academia, 

NGOs, and affected rural 

communities. 

 

These results confirm the knowledge gap hypothesis: while 

general awareness of climate change is moderately high, 

carbon literacy such as the ability to quantify and mitigate 

emissions still remains low and unevenly distributed. 

 

 
 

 
 

Fig 19: Awareness vs Carbon literacy and Awareness by 

Distribution 

 

Awareness correlates strongly with education and 

occupation, supporting evidence from other previous 

research that those with the highest formal education are 

most likely to possess the conceptual literacy (knowing the 

term), whereas those with the lowest education (primary or 

less) are most likely to possess the empirical certainty that 

life is worsening (Institute of Economic and Social Research 

(INESOR) & University of Zambia, 2022). The experience 

of suffering due to extreme events such as crop failures, 

disease, and livelihood disruption has become a more potent 

driver of severity perception than formal schooling for those 

with lower education (Kalantary, 2011). 

 

c) Environmental Attitudes and Behavior 
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Table 10: Environmental Attitudes and Behavior (Likert Scale 1-5) 
 

Statement Mean Score Interpretation 

Climate change is a serious environmental problem. 4.8 Near-universal recognition of severity. 

I am personally responsible for reducing emissions. 4.1 Indicates emerging sense of personal accountability. 

I am willing to change my behavior. 4.3 Strong willingness to act, tempered by economic constraints. 

I regularly take eco-friendly actions. 3.5 Practical adoption limited by structural barriers. 

I would use a carbon tracking app if easy to use. 4.2 Positive technology adoption potential. 

I prefer apps with feedback/recommendations. 4.4 High demand for guided, actionable advice. 

Digital tools can help reduce environmental challenges. 4.3 Consistent with national digitization campaigns. 

 

These results align with the Behavioral Change Framework, 

showing that attitudes toward environmental responsibility 

are strong, but behavioral translation is constrained by 

infrastructure and economic limitations. 

This pattern mirrors World Bank (2023) findings that 87–

91% of rural Zambians perceive worsening climate effects 

yet lack access to mitigation tools. 

 

4.2 System Implementation Results 

1) System Performance 

 
Table 11: System performance results from both functional and 

usability metrics 
 

Parameter Measured Value Evaluation 

Average 

Calculation 

Accuracy 

97.8% 

Verified against local 

emission datasets (ZEMA, 

ERB). 

Average Response 

Time 
1.7 seconds 

Optimal for web and mobile 

users. 

System Usability 

Scale (SUS) 
86/100 

Excellent usability 

classification. 

AI 

Recommendastion 

Acceptance Rate 

78% 
Indicates trust and 

engagement with AI output. 

 

The findings demonstrate that the system effectively 

balances technical accuracy with behavioral engagement. 

 

2) System Design 

The following section presents the implementation results of 

the Climate Footprinting, illustrating the functional and 

visual aspects of the system. Screenshots and interface 

examples are provided to demonstrate the key features, user 

interactions, and system responses across various modules. 

Each image is accompanied by an explanation of its 

purpose, functionality, and relevance to the system 

objectives, highlighting both usability and accessibility 

considerations. The aim is to provide a comprehensive 

understanding of how the system operates in practice and 

how it supports users in tracking and reducing their carbon 

footprint. 

 

a) Onboarding 

 

 
 

Fig 1: Landing page and Welcome screens flow 

 
 

Fig 2: Screen Showing Supported Sectors 

 

b) Account creation/login pages (email/password, social 

sign-in, Firebase Auth flows) 

 

 
 

Fig 3: Screen showing how to Sign Up 

 

 
 

Fig 4: Screen showing how to Login to the System 

 

 
 

Fig 5: Screens showing accessibility features (keyboard 

navigation) 
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c) Data Entry 

 

 
 

 
 

 
 

Fig 6: Forms for carbon-related inputs (electricity, transport, 

flights, fuel consumption, etc) 

 

d) Dashboard 

 

 
 

Fig 7: Overview screen with current carbon footprint 

 

 

 

 

 

e) Recommendations 

 

 
 

Fig 8: Screens displaying personalized recommendations from 

Groq 

  

f) Gamification 

 

 
 

Fig 9: Badges, points, levels earned by users 

 

 
 

Fig 10: Screen showing Progress bars or streak trackers 
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g) UI & Accessibility Features 

 

  
 

Fig 11: Responsive design on mobile 

 

4.3 Data Analysis 

The survey data was analyzed quantitatively using 

descriptive statistics (mean, percentage, standard deviation) 

and qualitatively through thematic analysis of open-ended 

responses. 

 
Table 1: Key Themes Identified from Open-Ended Questions 

 

Theme 
Representative 

Response 
Interpretation 

Understanding of 

“Carbon 

Footprint” 

“Cutting down trees 

and burning charcoal 

causes pollution.” 

Conceptual 

understanding framed 

through local experiences 

(Chitemene, 

deforestation). 

Barriers to 

Sustainable 

Living 

“We depend on 

charcoal because 

electricity is 

expensive.” 

Economic dependency 

and infrastructural 

limitations remain major 

barriers. 

Role of 

Technology 

“If there is an app that 

gives us steps to save 

energy, it can help.” 

Indicates high perceived 

usefulness if localized 

and actionable. 

Desired Platform 

Features 

“Show results in our 

languages; link to 

youth programs.” 

Highlights cultural and 

educational localization 

requirements. 

AI for Awareness 

“AI can teach us better 

in schools and through 

phones.” 

Reflects optimism toward 

AI as an educational 

medium. 

 

Quantitative data reveals high awareness but low literacy, 

while qualitative insights highlight a strong demand for 

localized, practical solutions and affirm that digital tools are 

embraced when tailored for accessibility, language diversity, 

and low-bandwidth environments. 

 

5. Discussion 

The baseline results confirm that climate change awareness 

in Zambia is getting high (74%), but carbon literacy remains 

limited (36%). This gap reflects a nationwide trend 

identified in prior surveys (Kalantary, 2011), where 

environmental awareness is strong, but comprehension of 

mitigation concepts is low (Institute of Economic and Social 

Research (INESOR) & University of Zambia, 2022). 

 

 
 

 
 

Fig 12: Results for climate change awareness in Zambia 

 

Respondents from urban provinces (Lusaka, Copperbelt) 

and those with higher education (Diploma or Degree) 

demonstrated greater understanding of emissions and 

mitigation practices, while rural respondents exhibited 

mainly adaptation-oriented knowledge focusing on coping 

with droughts and floods rather than preventing them. 

This pattern supports the knowledge–action gap identified in 

behavioral research: knowledge alone does not guarantee 

change unless it is connected to accessible and actionable 

tools. The Artificial intelligence supported platform directly 

addresses this gap by transforming abstract awareness into 

personalized recommendations, effectively turning climate 

perception into measurable action. 

The system’s integration of Next.js, Firebase, and a 

Retrieval-Augmented Generation (RAG) AI model proved 

instrumental in contextualizing sustainability education for 

Zambian users. The AI engine’s ability to retrieve locally 

relevant data such as emission factors derived from Zambia 

Environmental Management Agency (ZEMA), Zesco 

datasets ensured both accuracy and relevance (Government 

of the Republic of Zambia, Ministry of Tourism, 

Environment and Natural Resources, 2010). 

Users valued the system’s explainable recommendations, 

with 78% implementing at least one suggested behavior, 

such as reducing fuel consumption, turning off idle electrical 

devices, or switching to cleaner cooking methods. 
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This outcome aligns with the Technology Acceptance 

Model (TAM): users’ adoption intent was strongly 

influenced by perceived usefulness and ease of use. The 

results also affirm the Behavioral Change Framework, 

showing that consistent feedback and achievable goals 

increase sustained engagement and environmental 

responsibility. 

The system demonstrates that artificial intelligence can 

function as both an environmental educator and behavioral 

motivator, transforming abstract environmental concepts 

into personalized, actionable insights for Zambian users. 

The development of the web-based platform was guided by 

user-centered design principles, ensuring usability, 

accessibility, and performance. The inclusion of Zambia-

specific emission factors from the Zambia Environmental 

Management Agency (ZEMA) and Energy Regulation 

Board (ERB) made the calculations more accurate and 

contextually relevant compared to global tools. 

 

 
 

Fig 13: The evaluation metrics 

 

The system not only enables users to calculate emissions 

and carbon footprint but also educates them on how to make 

improvements. By aligning with Zambia’s National Policy 

on Climate Change (2022) and Nationally Determined 

Contributions (NDCs), the platform serves as a practical, 

digital implementation of national sustainability goals. 

The impact of this platform extends to individual users, 

communities, and organizations by promoting sustainable 

behaviors and encouraging collective action towards 

reducing carbon emissions. By providing users with 

actionable insights based on their specific activities and 

local environmental conditions, the platform empowers 

individuals to make informed decisions that contribute to 

broader environmental goals (N’dri et al., 2021). 

While designed for individual users, the research and system 

outcomes demonstrate a wide range of possible applications: 

1) Educational Institutions: 

The platform can serve as a digital learning tool in schools 

and universities for environmental education and climate 

literacy. 

 

2) Government Agencies (ZEMA, MoGE, Ministry of 

Green Economy): 

It can be integrated into national climate monitoring 

programs for public engagement and data aggregation. 

Corporate ESG (Environmental, Social, and Governance) 

Reporting: Companies can use the system to measure and 

report on employee-level awareness and emissions. 

 

3) NGOs and Community Outreach: 

Nonprofits can leverage the tool for public campaigns 

promoting sustainable lifestyle choices. 

 

4) Research and Data Analytics: 

The system’s anonymized dataset can support further 

academic studies and policy modeling on Zambia’s carbon 

reduction potential. 

 

6. Conclusion 

This research successfully addressed the urgent need for 

effective, localized tools that empower individuals to 

measure and reduce their carbon footprints in the Zambian 

context. The integration of artificial intelligence, behavioral 

science, and locally relevant emission data resulted in a 

powerful, user-centered platform that not only provides 

accurate emissions calculations but critically translates 

abstract climate concepts into quantifiable, actionable 

personal responsibility. The platform allows users to 

monitor their carbon emissions across key activities, 

including household energy consumption, transportation, 

and other region-specific contributors. Leveraging external 

data sources (e.g., OpenWeatherMap) and APIs, the system 

provides localized context on environmental conditions, 

enhancing user engagement and encouraging eco-friendly 

behaviors that are relevant to the Zambian landscape. 

The baseline study confirmed a severe mitigation literacy 

challenge, with increasing climate change awareness (74%) 

but low technical carbon literacy (36%) which persists 

across Zambia. By making climate action measurable and 

personal, the developed platform transforms general 

awareness into concrete engagement, effectively bridging 

the awareness–action gap prevalent in the region. 

The platform has the potential to significantly influence 

sustainable living practices by delivering actionable insights 

that resonate with users’ daily lives. The system design, 

which incorporates real-time data and personalized 

recommendations, underscores the platform’s role as an 

innovative, localized solution in the fight against climate 

change. The findings indicate strong user intent to adopt 

such digital tracking tools, supporting broader efforts to 

combat climate change through collective individual action. 

The study makes three distinct and significant contributions: 

 

6.1 Technological Contribution 

The successful development and deployment of Zambia’s 

first Artificial intelligence driven carbon footprint tracking 

system, utilizing a Retrieval-Augmented Generation (RAG) 

architecture and open APIs for localized accuracy. 

 

6.2 Behavioral Contribution 

Empirical validation that AI personalization and targeted, 

actionable recommendations enhance the adoption and 

maintenance of sustainable behaviors. 

 

6.3 Policy and Social Contribution 

Establishment of a scalable model for integrating citizen-

level environmental data into national sustainability 

monitoring frameworks, directly supporting UN SDG 13.3 

(climate education) and the goals of Zambia’s National 

Green Growth Strategy. 

The implications of this study extend beyond individual 

users; the platform can serve as a valuable resource for 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1417 

organizations and policymakers seeking to enhance their 

sustainability initiatives and foster a culture of 

environmental responsibility. In conclusion, this work 

confirms that user-centered technology can serve as a vital 

mechanism for facilitating the low-carbon transition in 

developing economies, empowering individuals and 

communities to make informed decisions that contribute to a 

more sustainable future. 

 

7. Acknowledgment 

First and foremost, I would like to extend my sincere 

gratitude to those who have contributed to the completion of 

this research. My deepest thanks go to my advisor, Eng. 

Moses Mupeta, for his guidance and invaluable insights, 

which greatly enhanced the quality and outcomes of this 

work. 

I am especially grateful to the Zambia Research and 

Development Center (ZRDC) for their consistent support 

and resources, as well as to my family and friends for their 

unwavering encouragement throughout this academic 

journey. 

Finally, I am profoundly thankful to God for the strength, 

wisdom, and endurance needed to complete this thesis. 

 

8. References 

1. Ahmed I, Parikh P, Sianjase G, Coffman D. The impact 

decades-long dependence on hydropower in El Niño 

impact-prone Zambia is having on carbon emissions 

through backup diesel generation. Environmental 

Research Letters, December 4, 2020; 15(12):124031. 

0.1088/1748-9326/abb6a1 

2. Ajzen I. The theory of planned behavior. Organizational 

Behavior and Human Decision Processes. 1991; 

50(2):179-211. Doi: https://doi.org/10.1016/0749-

5978(91)90020-T 

3. Amoah A, Addoah T. Does environmental knowledge 

drive pro-environmental behaviour in developing 

countries? Evidence from households in Ghana. 

Environment, Development and Sustainability, April 

18, 2020; 23:2719-2738. Doi: 

https://doi.org/10.1007/s10668-020-00698-x 

4. Anderson R. Security Engineering: A Guide to Building 

Dependable Distributed Systems. Wiley, 2020. 

5. Asiamah N, Anyanful TK, Doumbia MO. Association 

of climate awareness with urban mobility and 

consumption behaviour in Accra: A path analysis. 

Transportation, September 26, 2025. Doi: 

https://doi.org/10.1007/s11116-025-10680-z 

6. Aslan MK, Heijungs R, Ilievski F. The Carbon 

Footprint Wizard: A Knowledge-Augmented AI 

Interface for Streamlining Food Carbon Footprint 

Analysis, 2025. arXiv. https://arxiv.org/abs/2509.07733 

7. Attari SZ, Krantz DH, Weber EU. Climate change 

communicators’ carbon footprints affect their 

audience’s policy support. Climatic Change, June 2019; 

154(3):529-545. Doi: 10.1007/s10584-019-02463-0 

8. Atwoli L, Erhabor GE, Gbakima AA, Haileamlak A. 

COP27 Climate Change Conference: Urgent action 

needed for Africa and the world: Wealthy nations must 

step up support for Africa and vulnerable countries in 

addressing past, present and future impacts of climate 

change. European Journal of Cardio-Thoracic Surgery, 

November 2022; 62(5). Doi: 10.1093/ejcts/ezac492 

9. Azeez RO, Rampedi IT, Ifegbesan AP, Ogunyemi B. 

Geo-demographics and source of information as 

determinants of climate change consciousness among 

citizens in African countries. Heliyon. 2024; 10(7). Doi: 

https://doi.org/10.1016/j.heliyon.2024.e27872 

10. Baltruszewicz M, Steinberger J, Owen A, Brand-Correa 

LI, Paavola J. Final energy footprints in Zambia: 

Investigating links between household consumption, 

collective provision, and well-being. Energy Research 

& Social Science. 2021; 73. Doi: 

https://doi.org/10.1016/j.erss.2021.101960 

11. Carbon footprint - Wikipedia. Wikipedia, the free 

encyclopedia, 2024. Retrieved November 29, 2024, 

from https://en.wikipedia.org/wiki/Carbon_footprint 

12. Chidumayo EN, Gumbo DJ. He environmental impacts 

of charcoal production in tropical ecosystems of the 

world: A synthesis. Energy for Sustainable 

Development. 2013; 17(2):86-94. Doi: 

https://doi.org/10.1016/j.esd.2012.07.004 

13. Chuvieco E, Burgui-Burgui M, Orellano A, RuÃ­z-

Benito P. Links between Climate Change Knowledge, 

Perception and Action: Impacts on Personal Carbon 

Footprint. Sustainability, July 2021; 13(14):1-19. Doi: 

10.3390/su13148088 

14. Climate Change 2021 - the Physical Science Basis: 

Working Group I Contribution to the Sixth Assessment 

Report of the Intergovernmental Panel on Climate 

Change. Cambridge University Press, 2021. 

15. Climate Investment Funds (CIF). Lessons on local 

stakeholder engagement from the Pilot Program for 

Climate Resilience (PPCR) in Zambia, 2019. 

https://www.cif.org/sites/cif_enc/files/knowledge-

documents/lessons_on_local_stakeholder_engagement_

from_the_pilot_program_for_climate_resilience.pdf 

16. Climate Smart Agriculture. Zambia Project, 2025. 

https://www.climatesmartagriculture.org.nz/zambia-

project 

17. Clube RKM, Hazemba M. From waste to resource: 

demystifying the policy challenges and identifying 

opportunities for a circular economy in Zambia. 

Frontiers in Sustainability. 2024; 5. Doi: 

10.3389/frsus.2024.1300904 

18. Davis FD. Perceived Usefulness, Perceived Ease of 

Use, and User Acceptance of Information Technology. 

MIS Quarterly. 1989; 13(3):319-340. Doi: 

10.2307/249008 

19. Elmasri R, Navathe S. Fundamentals of Database 

Systems. Pearson, 2016. 

20. EMB Global blog. Carbon Footprint Tracking Apps and 

Sustainable Marketing, January 29, 2024. 

https://blog.emb.global/carbon-footprint-tracking-apps/ 

21. Energy Regulation Board. Annual Report 2023. Energy 

Regulation Board (ERB), 2023. 

https://www.erb.org.zm/wp-content/uploads/ERB-

2023-Annual-Report.pdf 

22. Energy Regulation Board. Energy Sector Report 2023 

[Energy statistics and fuel market overview for 2023]. 

Energy Regulation Board (ERB), 2024. 

https://www.erb.org.zm/wp-

content/uploads/files/esr2023.pdf 

23. Energy Regulation Board. 2025 Mid-Year Statistical 

Bulletin. Energy Regulation Board, August 2025. 

https://www.erb.org.zm/wp-

content/uploads/files/statBullet2025.pdf 

24. Feroz AK, Zo H, Chiravuri A. Digital Transformation 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1418 

and Environmental Sustainability: A Review and 

Research Agenda. Sustainability. 2021; 13(3). Doi: 

10.3390/su13031530 

25. Food and Agriculture Organization (FAO). Zambia 

launches new curriculum empowering climate 

education with FAO and partner support, 2024. 

https://www.fao.org/climate-change/news/news-

detail/zambia-launches-new-curriculum-empowering-

climate-education-with-fao-and-partner-support/en 

26. Google. Fundamentals | Firebase Documentation. 

Firebase, May 5, 2025. 

https://firebase.google.com/docs/guides 

27. Government of the Republic of Zambia. National Green 

Growth Strategy 2024-2030. Zambia, 2024. 

https://www.cabinet.gov.zm/newsite/wp-

content/uploads/2024/04/2NATIONAL-GREEN-

GROWTH-STRATEGY-2024-2030-6.pdf 

28. Government of the Republic of Zambia, Ministry of 

Tourism, Environment and Natural Resources. National 

Climate Change Response Strategy (NCCRS), 2010. 

https://www4.unfccc.int/sites/NAPC/Documents/Zambi

a%20Climate%20Change%20Response%20Strategy.pd

f 

29. Hadunka P, Hardie R, Waller A, Walter TF. Climate 

Shocks and Charcoal Production in Zambia. 

International Growth Centre, 2025. 

https://www.theigc.org/sites/default/files/2025-

07/Hadunka-et-al-Policy-Brief-July-2025_0.pdf%7D 

30. Halpin T, Morgan T. Information Modeling and 

Relational Databases. Morgan Kaufmann, 2024. 

31. Han J, Tan Z, Chen M, Zhao L, Yang L, Chen S. 

Carbon Footprint Research Based on Input-Output 

Model - A Global Scientometric Visualization Analysis. 

International Journal of Environmental Research and 

Public Health. 2022; 19(18). Doi: 

10.3390/ijerph191811343 

32. Hevner A, Chatterjee S. Design Research in 

Information Systems: Theory and Practice (A. Hevner 

& S. Chatterjee, Eds.). Springer, 2010. 

33. Hinfelaar M. Political Economy Analysis of Pro-poor 

Policies in Zambia. The Institute of Development 

Studies and Partner Organisations, 2025. Doi: 

https://doi.org/10.19088/CPAN.2025.004 

34. Holka M, Kowalska J, Jakubowska M. Reducing 

Carbon Footprint of Agriculture-Can Organic Farming 

Help to Mitigate Climate Change? Agriculture. 2022; 

12(9). Doi: 10.3390/agriculture12091383 

35. IBM Corporation. Creating an API definition. IBM 

Documentation, July 1, 2025. 

https://www.ibm.com/docs/en/api-

connect/saas?topic=definitions-creating-api-definition 

36. Institute of Economic and Social Research (INESOR) 

& University of Zambia. Awareness of the negative 

impact of climate change on the rise in Zambia, 

Afrobarometer survey shows - Afrobarometer. 

Afrobarometer, May 18, 2022. Retrieved October 5, 

2025, from: 

https://www.afrobarometer.org/articles/awareness-of-

the-negative-impact-of-climate-change-on-the-rise-in-

zambia-afrobarometer-survey-shows/ 

37. Intergovernmental Panel on Climate Change (IPCC). 

Sixth Assessment Report, 2022. 

38. Intergovernmental Panel on Climate Change (IPCC). 

Frequently Asked Questions, 2023. 

39. International Civil Aviation Organization. ICAO 

Carbon Emissions Calculator (ICEC). ICAO, 2025. 

Retrieved September 28, 2025, from 

https://www.icao.int/environmental-

protection/environmental-tools/icec 

40. Jasmy AJ, Ismail H, Aljneibi N. A novel approach to 

sustainable behavior enhancement through AI-driven 

carbon footprint assessment and real-time analytics. 

Discover Sustainability, December 18, 2024; 5(476). 

Doi: 10.1007/s43621-024-00762-w 

41. Ji Y, Zhou Y, Li Z, Feng K, Sun X, Xu Y, et al. Carbon 

footprint research and mitigation strategies for rice-

cropping systems in China: A review. Frontiers in 

Sustainable Food Systems, June 3, 2024; 8. Doi: 

10.3389/fsufs.2024.1375092 

42. Kalantary K. mpacts of Climate Change in Zambia and 

the Adaptation Efforts: A Review. Accessible Policy 

Research Briefs, 2011. 

https://www.american.edu/cas/economics/ejournal/uplo

ad/kalantary_accessible.pdf 

43. Kapuka K. Awareness of the carbon footprint of paper 

(n=36). Data from Copperbelt University survey, 2017. 

https://www.researchgate.net/figure/Awareness-of-the-

carbon-footprint-of-paper-n-36-percentage-responses-

Paper_fig3_321653147 

44. Klaaßen L, Stoll C. Harmonizing corporate carbon 

footprints. Nature Communications, Oct 22, 2021; 12. 

Doi: 10.1038/s41467-021-26349-x 

45. Labaran YH, Mathur VS, Muhammad SU, Musa AA. 

Carbon footprint management: A review of construction 

industry. Cleaner Engineering and Technology 

(Elsevier). 2022; 9. Doi: 10.1016/j.clet.2022.100531 

46. Lewis P, Perez E, Piktus A, Petroni F, Karpukhin V, 

Goyal N, et al. Retrieval-Augmented Generation for 

Knowledge-Intensive NLP Tasks, 2020. ArXiv. 

https://api.semanticscholar.org/CorpusID:218869575 

47. Masson-Delmotte V, Zhai P, Pirani A, Connors SL, 

Péan C, Chen Y, et al. In Climate Change 2021: The 

Physical Science Basis. Contribution of Working Group 

I to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change. 

Cambridge University Press, 2021. Doi: 

10.1017/9781009157896.002 

48. Miao Z, Zhao Z, Long T, Chen X. Carbon footprint in 

agriculture sector: A literature review. Carbon 

Footprints. 2023; 2(3). Doi: 10.20517/cf.2023.29 

49. Ministry for Green Economy and Environment & 

Energy Regulation Board. Grid Emission Factor (GEF): 

Defining the Specific Emission Factor for Zambia's 

Power Sector [Prepared under the Supporting 

Preparedness for Article 6 Cooperation (SPAR6C) 

Programme]. Government of the Republic of Zambia, 

March 17, 2025. https://www.mgee.gov.zm/wp-

content/uploads/2025/04/Grid-Emission-Factor-Report-

17032025-2.pdf 

50. Ministry of Green Economy and Environment (MGEE). 

Official Website: Enhancing Quality of Reporting on 

GHGs and Capacity Building on Carbon Markets, 2024. 

https://www.mgee.gov.zm/ 

51. The Monitoring and Evaluating Climate 

Communication and Education (MECCE). CCE 

Country Profile: Zambia. MECCE, 2024. Retrieved 

October 5, 2025, from 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1419 

https://mecce.ca/country_profiles/cce-country-profile-

zambia/ 

52. Mosca O, Manunza A, Manca S, Vivanet G, Fornara F. 

Digital technologies for behavioral change in 

sustainability domains: A systematic mapping review. 

Frontiers in Psychology. 2024; 14. Doi: 

https://doi.org/10.3389/fpsyg.2023.1234349 

53. Mustafa AK, Heijungs R, Ilievski F. The Carbon 

Footprint Wizard: A Knowledge-Augmented AI 

Interface for Streamlining Food Carbon Footprint 

Analysis, 2025. arXiv:2509.07733 [cs.AI]. 

https://arxiv.org/abs/2509.07733 

54. Mwale J, Kachimba A, Muya M. Examining the 

Knowledge and Perceptions of Building Information 

Modelling (BIM) among Construction Professionals in 

Lusaka, Zambia. Journal of Construction in Developing 

Countries, 2025. 

https://www.tandfonline.com/doi/full/10.1080/1745200

7.2025.2486174?af=R 

55. Mwanza E, Mubanga KH, Sichimwa C. Effectiveness 

of Climate Change Awareness among Youths in 

Luanshya District, Zambia. European Journal of 

Development Studies, March 2023; 3(2):38-47. Doi: 

10.24018/ejdevelop.2023.3.2.236 

56. Nyangarika A. Sustainable energy solutions in Sub-

Saharan Africa: Integrating indigenous knowledge and 

climate resilience for lower carbon emissions. Global 

Academic Journal of Humanities and Social Sciences. 

2024; 6(5). Doi: 

https://doi.org/10.36348/gajhss.2024.v06i05.004 

57. Popescu SM, Mansoor S, Wani OA, Kumar SS, Sharma 

V, Arya VM, et al. Artificial intelligence and IoT 

driven technologies for environmental pollution 

monitoring and management. Frontiers in 

Environmental Science. 2024; 12. Doi: 

10.3389/fenvs.2024.1336088 

58. Pressman RS, Maxim BR. Software Engineering: A 

Practitioners Approach. McGraw-Hill Education, 2019. 

59. Purwanto A, Syafrudin S, Sunarsih S. Carbon Footprint 

from Settlement Activities: A Literature Review. E3S 

Web of Conferences. 2019; 125:1-5. Doi: 

10.1051/e3sconf/201912502001 

60. Ramdhani N. Climate Change Discourse in Zambia: An 

Analysis of Key Policy Documents. Stockholm 

Environment Institute (SEI), 2018. 

https://www.sei.org/wp-

content/uploads/2018/04/ramdhani-

zambiadiscourseanalysis.pdf 

61. Republic of Zambia. Draft Environmental and Social 

Systems Assessment (ESSA). Regional Energy Agency 

Zambia, 2025. https://www.rea.org.zm/wp-

content/uploads/2025/06/Final-Environmental-and-

Social-Systems-Assessment-ESSA-June-2025-002.pdf 

62. Ritchie H, Roser M, Rosado P. CO₂ and Greenhouse 

Gas Emissions. Our World in Data, 2020. 

https://ourworldindata.org/co2-and-greenhouse-gas-

emissions 

63. Rogelj J, Mark Schaeffer MS, Friedlingstein P, Gillett 

NP. Differences between carbon budget estimates 

unravelled. Nature Climate Change, February 16, 2016. 

Doi: https://doi.org/10.1038/nclimate2868 

64. Russell SJ, Norvig P. Artificial Intelligence: A Modern 

Approach. Pearson, 2021. 

65. Self Help Africa & Accelerated Growth for SMEs in 

Zambia (AGS) Programme. Zambia Circular Economy 

Study [Study funded by the Ministry for Foreign Affairs 

of Finland]. Self Help Africa, 2024. 

https://selfhelpafrica.org/greentech4ce/wp-

content/uploads/sites/19/2024/11/TANDEM-

CIRCULAR-ECONOMY-REPORT-OCT-24-

1.pdf%7D 

66. Skinner BF. Science and human behavior. New York: 

Macmillan, 1953. 

67. Sommerville I. Software Engineering, 10th Edition. 

Pearson, 2015. 

68. Stallings W. Cryptography and Network Security: 

Principles and Practice. Pearson, 2016. 

69. Sustainable Development Goals. United Nations 

Development Programme, 2024. Retrieved November 

29, 2024, from: https://www.undp.org/sustainable-

development-goals 

70. Teng J, Xiao X, Zhang N, Yang S. Impact of internet 

use on pro-environmental behaviour mediated by 

environmental concern. Scientific Reports, February 18, 

2025. Doi: 10.1038/s41598-025-90445-x 

71. Transport for Cairo & World Resources Institute. Low 

Carbon Transport Futures in Zambia. World Resources 

Institute, 2025. https://transportforcairo.com/wp-

content/uploads/2025/02/WRI-TfC-LCTF_D5_Final-

Report_V0.1.pdf%7D 

72. Ukoba K, Onisuru OR, Jen T-C, Madyira DM, Olatunji 

KO. Predictive modeling of climate change impacts 

using Artificial Intelligence: A review for equitable 

governance and sustainable outcome. Environmental 

Science and Pollution Research International, April 

2025; 32(17). Doi: 10.1007/s11356-025-36356-w 

73. Umar A, Mukhtar AA, Abubakar ML, Abdussalam AF. 

Assessing Sustainable Environmental Practices and 

Carbon Footprint Awareness Among Urban Dwellers in 

Kaduna Metropolis. Science World Journal. 2025; 

20(2). 

74. UNDP. Building resilience and greening the economy: 

Integrating climate, peace and security into Zambia's 

Green Growth Strategy, 2024. 

https://www.preventionweb.net/news/building-

resilience-and-greening-economy-integrating-climate-

peace-and-security-zambias 

75. UNDP Adaptation Learning Mechanism. Zambia 

Climate Change Profile and Adaptation Measures. 

Zambia, 2023. https://www.adaptation-

undp.org/explore/africa/zambia 

76. UNDP Adaptation Learning Mechanism. Zambia 

Climate Change Profile and Adaptation Measures, 

2023. https://www.adaptation-

undp.org/explore/africa/zambia 

77. United Nations. Transforming Our World: The 2030 

Agenda for Sustainable Development, 2015. 

78. United Nations. Goal 13: Climate Change - United 

Nations Sustainable Development. The United Nations, 

2024. Retrieved October 5, 2024, from: 

https://www.un.org/sustainabledevelopment/climate-

change/ 

79. United Nations Department of Economic and Social 

Affairs. The Sustainable Development Goals Report 

2025. United Nations, 2025. 

https://unstats.un.org/sdgs/report/2025/ 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

1420 

80. United Nations Framework Convention on Climate 

Change (UNFCCC). Artificial Intelligence for Climate 

Action: Advancing Mitigation and Adaptation in 

Developing Countries. Technology Executive 

Committee, 2025. 

https://unfccc.int/ttclear/tec/documents.html 

81. Valls-Val K, Bovea MD. Carbon footprint in Higher 

Education Institutions: A literature review and 

prospects for future research. Clean Techn Environ 

Policy, August 21, 2021; 23:2523-2542. Doi: 

https://doi.org/10.1007/s10098-021-02180-2 

82. Wang H, Zhang M, Chen Z, Shang N, Yao S, Wen F, et 

al. Carbon Footprint Accounting Driven by Large 

Language Models and Retrieval-augmented Generation, 

2024. ArXiv. https://arxiv.org/abs/2408.09713 

83. Wathum G, Seebauer M, Carodenuto S. Drivers of 

deforestation and forest degradation in Eastern 

Province, Zambia. World Bank: Zambia Integrated 

Forested Landscape Program, August 11, 2016.  

84. What is JavaScript? - Learn web development | MDN. 

MDN Web Docs, 2025. 

https://developer.mozilla.org/en-

US/docs/Learn_web_development/Core/Scripting/What

_is_JavaScript 

85. Wiedmann T, Lenzen M, Keyßer LT, Steinberger JK. 

Scientists' warning on affluence. Nat Commun, June 19, 

2020; 11(1):3107. Doi: 10.1038/s41467-020-16941-y 

86. Wiegers KE, Beatty J. Software Requirements. 

Microsoft Press, 2013. 

87. Wikipedia Contributors. Gamification. Wikipedia, 

2025. Retrieved August 21, 2025, from: 

https://en.wikipedia.org/wiki/Gamification 

88. Wongsaichia S, Pienwisetkaew T, Wannapipat W, 

Ponsree K, Ketkaew C. The influence of carbon 

perception on sustainable behaviors: Tailoring 

sustainability strategies based on individuals' levels of 

openness to green technology adoption. Cleaner and 

Responsible Consumption. 2025; 17:100270. Doi: 

https://doi.org/10.1016/j.clrc.2025.100270 

89. World Bank. Zambia Country Economic Memorandum: 

Unlocking Productivity and Economic Transformation 

for Better Jobs. World Bank, 2024. 

90. World Bank & Government of the Republic of Zambia. 

Eastern Province Integrated Forest Landscape 

Programme: ISFL Emissions Reduction Programme 

Document. World Bank, 2024. http://ziflp.org.zm/wp-

content/uploads/2024/02/Eastern_Province_ISFL_ERP

D.pdf 

91. World Wide Fund for Nature. WWF Footprint 

Calculator, 2025. Retrieved September 28, 2025, from 

https://footprint.wwf.org.uk/ 

92. Zambia Deforestation Rates & Statistics | GFW. Global 

Forest Watch, 2025. Retrieved June 27, 2025, from: 

https://www.globalforestwatch.org/dashboards/country/

ZMB 

93. Zou Y, Zheng R, Xia J. Enhancing Embodied Carbon 

Calculation in Buildings: A Retrieval-Augmented 

Generation Approach with Large Language Models. 

Buildings, September 24, 2025; 15(19). Doi: 

10.3390/buildings15193449 

http://www.multiresearchjournal.com/

