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Abstract - The environmental impact of software 
engineering processes is increasingly significant. Our study 
revolves around integrating sustainability metrics into 
computing and the DevOps cycle, offering insights into the 
environmental implications of software builds. Research into 
monitoring energy consumption and resource utilization, 
highlights the potential for eco-friendly practices in the 
software development lifecycle. Additionally, the survey 
provides a comprehensive overview of the various approaches 
to green computing and the challenges associated with 
achieving sustainability. Through real-time monitoring and 
reporting of these metrics, developers and stakeholders can 
make informed, data-driven decisions, fostering a balance 
between immediate needs and long-term sustainability. 
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1. INTRODUCTION  

Sustainability has emerged as a critical concern across 
various sectors, including software development. In the 
context of coding and software engineering, sustainability 
refers to the practices and methodologies that aim to 
minimize the environmental impact of software systems 
throughout their lifecycle. This includes energy-efficient 
coding, resource optimization, and the reduction of carbon 
footprints associated with software deployment and 
operation. According to a report by the Global e-
Sustainability Initiative (GeSI), the information and 
communication technology (ICT) sector is responsible for 
approximately 3.6% of global greenhouse gas emissions [1]. 
This figure is expected to rise as demand for computing 
power and cloud infrastructure continues to grow, posing 
challenges for achieving global sustainability goals. 
Consequently, embedding sustainability principles into 
software engineering practices is essential, not only for 
reducing environmental impact but also for ensuring long-
term operational efficiency. Software development practices, 
particularly in large-scale systems, are energy-intensive. 
Code inefficiencies, resource- hungry algorithms, and poor 
infrastructure management con- tribute significantly to 
energy consumption. Inefficient coding practices can lead to 

a 20-50% increase in energy consumption in cloud 
environments [2], and its environmental impact is further 
exacerbated by the continuous integration and delivery 
(CI/CD) pipelines used in DevOps processes, which are 
pivotal for enabling rapid development cycles but often 
come at the cost of excessive computational resource use. 
This presents a challenge for organizations seeking to 
balance speed, scalability, and sustainability. 

The integration of sustainability into the software 
development lifecycle (SDLC) is not merely a trend but a 
necessity driven by regulatory pressures, corporate social 
responsibility, and the ethical imperative to protect the 
environment. Green coding, a concept gaining traction 
within the industry, is an emerging solution for optimizing 
the SDLC for energy efficiency and reduced carbon 
emissions. The adoption of green coding principles, 
particularly CI/CD pipelines, offers a strategic avenue for 
embedding sustainability into software development 
processes, and has the potential to enhance the capacity of 
organizations to monitor and optimize energy consumption 
and resource utilization [3][4]. Incorporating practices such 
as utilizing energy-efficient programming languages, 
optimizing algorithms for lower power usage, and employing 
tools that assess the carbon footprint of code deployments 
can not only contribute to environmental goals but also 
enhance overall software performance and reduce costs 
associated with energy consumption. 

2. BACKGROUND & MOTIVATION 

Historically, the focus of software engineering has been on 
performance, functionality, and scalability, with energy 
efficiency and environmental impact often relegated to 
secondary considerations. However, as the energy 
consumption of IT infrastructure continues to rise, the 
importance of energy- aware and resource-efficient software 
development practices has gained prominence. 

Recent research has highlighted the significance of 
integrating sustainability metrics into software development 
practices. For instance, Fagarasan et al. emphasize the role of 
sustainability Key Performance Indicators (KPIs) in agile 
software development, suggesting that monitoring these 
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metrics throughout the SDLC can significantly enhance 
energy-efficient coding practices [4]. Another critical review 
of sustainable software engineering practices underscores 
the necessity for tools and methodologies that mitigate the 
environmental impact of software development, focusing on 
energy consumption and resource utilization [5]. 

 
Fig -1: Percentage of people aware about green computing 

[22] 

Despite these advancements, significant gaps remain in the 
integration of sustainability within existing DevOps 
processes. While many organizations recognize the 
importance of sustainable practices, only 60% report that 
sustainability is a priority in their operations [6].  

This indicates a need for more structured approaches to 
incorporate sustainability into Continuous Integration and 
Continuous Deployment (CI/CD) pipelines effectively. The 
decision-making framework pro- posed by Akbar et al. 
illustrates how organizations can systematically evaluate and 
prioritize DevOps practices that align with sustainability 
objectives. One key aspect discussed in the paper is the 
application of fuzzy Analytical Hierarchy Process (AHP) 
analysis to prioritize best practices tailored to specific 
organizational needs [7]. This method allows decision-
makers to evaluate various factors influencing DevOps 
success, such as cultural alignment, automation capabilities, 
and measurement strategies. 

While there is growing awareness of the need to reduce the 
environmental impact of these processes, most studies focus 
on code-level or infrastructure-level optimizations rather 
than end-to-end pipeline sustainability. Although green 
software engineering has made strides toward reducing 
energy consumption through efficient algorithms and 
hardware optimizations, the CI/CD pipeline remains an area 
with untapped potential for sustainability improvements. 
This gap presents a significant opportunity for further 
research, particularly in integrating green coding practices 
with CI/CD optimization techniques to create holistic 
sustainable software development processes. This research is 
driven by two goals: first, to expand the concept of green 
coding to include optimizations throughout the CI/CD 
pipeline and second, to help organizations lower their 
environmental impact while aligning with global 
sustainability goals. As digital transformation continues, it 
becomes increasingly important to ensure that technological 
progress is both innovative and environmentally sustainable. 

2.1 LITERATURE SURVEY  

1)  Energy Efficiency in Software Development [2].: 

 Summary: The paper discusses the challenges faced by 
developers in creating energy-efficient software. These 
inefficiencies lead to increased power consumption in 
mobile devices and data centers. The software’s impact on 
hardware resources like CPUs, DRAMs, and networks is 
highlighted, emphasizing the need for better tools and 
knowledge to improve energy efficiency. 

Formula: 

E = P × t 

Where: 

 E = Energy in joules 
 P = Power in watts 
 t = Time in seconds 

Results: Lack of tools hampers energy efficiency 
improvement. Reducing execution time may not always 
lower energy consumption due to increased CPU cycles. 

2) Sustainability in Agile Software Development [4].: 
Summary: This paper proposes a scoring model that 
integrates sustainability into agile software development. 
The model balances delivery performance and sustainability 
through key performance indicators (KPIs). 

Formula: 

1 
DH = 

1 + ek·(CD−MAD) 

Where: 

 DH = Delivery Health score 
 CD = Current Delay 
 MAD = Maximum Accepted Delay 
 k = Steepness parameter 

Results: The model was validated with case studies, 
showing enhanced project performance and sustainability 
when both factors are integrated. 

3) Holistic Approach to Sustainable Computing [12].: 
Summary: This paper introduces the Environmentally 
Sustainable Computing (ESC) framework, focusing on 
carbon- aware computing and reducing IT’s carbon footprint 
through efficient practices across various domains, such as 
cloud infrastructure. 

Results: The IT sector’s carbon footprint is 
estimated to be 2.1% to 3.9% of global emissions. 
Implementing carbon- aware design led to reductions in 
energy consumption and greenhouse gas emissions. 
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3. KEY CONCEPTS 

A set of codes when executed on a computer acquire the 
CPU, memory and I/O peripherals to perform their 
operations which leads to electricity consumption for 
powering the hard- ware or for managing thermal emissions. 
An Intel Pentium 4 CPU operating at a clock frequency of 2.0 
GHz has a power consumption of 75.3 W [8]. The average 
power consumption of servers has significantly risen. For 
instance, individual servers that previously consumed about 
50 watts before 2000 now average up to 250 watts by 2008. 
The primary consumers of power in servers are processors 
and memory. As memory usage grows, so does its associated 
power consumption. As servers generate heat, cooling 
systems become essential, further increasing overall power 
consumption. The electricity used by servers doubled from 
12 billion to 23 billion kilowatt- hours between 2000 and 
2005 due to the growth in the number of servers and cooling 
infrastructure [9]. 

3.1 Sustainability Metrics for Computers 

According to Schneider’s Guide to Environmental Sustain- 
ability Metrics for Data Centers [10], the following sustain- 
ability metrics are recommended to measure emissions, 

• Total energy consumption 

• Power usage effectiveness (PUE) 

• Total renewable energy consumption 

• Renewable energy factor (REF) 

• Energy Reuse Factor (ERF) 

• Server utilization (ITEUsv) 

Total energy consumption is a fundamental metric that 
quantifies the overall electrical power consumed by a server 
or data center. This includes both direct energy usage (e.g., 
powering the servers, network devices, and cooling systems) 
and indirect energy consumption (e.g., energy required to 
manufacture and transport hardware). Power usage 
effectiveness (PUE) is a ratio that measures the efficiency of 
a data center’s energy usage, comparing total energy input to 
the energy delivered to IT equipment. A lower PUE indicates 
better energy efficiency. Total renewable energy 
consumption represents the amount of electrical power 
derived from renewable sources, such as solar, wind, or 
hydro, used to operate the servers. Energy Reuse Factor 
(ERF) measures the extent to which waste heat from servers 
is captured and reused for other purposes, such as heating or 
hot water production, reducing overall energy consumption. 
Server utilization (ITEUsv) is a metric that assesses how 
efficiently servers are being used, calculated as the ratio of 
actual workload to the maximum capacity of the server. 

3.2 Measuring Code Emissions 

A process executing on a computer consumes CPU and 
memory which leads to power consumption and heat loss. 
To measure emissions for a process, the current CPU 
frequency can be used along with the processor’s power 
rating. 

codecarbon.io is an open-source Python library developed to 
quantify the carbon footprint associated with machine 
learning models and other computationally intensive tasks. 
By integrating seamlessly with existing codebases, it tracks 
resource consumption, including CPU usage and energy 
consumption, while estimating corresponding carbon 
emissions based on region-specific carbon intensity factors 
[14]. 

The psutil (Python System and Process Utilities) library is a 
versatile, cross-platform tool designed for retrieving detailed 
system information and managing processes. It offers 
comprehensive functionality for monitoring key system 
performance metrics, including CPU, memory, disk, and 
network usage. Due to its lightweight and efficient 
architecture, psutil can be seamlessly integrated into larger 
applications without introducing significant performance 
overhead, making it highly suitable for deployment in 
production environments [15]. 

1) Measure and track carbon impact: Software Carbon 
Intensity (SCI) Specification To measure the carbon 
impact of an application, the Green Software 
Foundation [GSF] https://greensoftware.foundation/ 
provided a scoring methodology called SCI, calculated 
as follows: 

SCI = ((E ∗ I) + M )per R) 

where, 

• E = Energy consumed by a software system. 
Measured in kWh. 

• I = Location-based marginal carbon emissions. 
Carbon emitted per kWh of energy, gCO2/kWh.  

• M = Embodied emissions of a software system. Carbon 

that is emitted through the hardware on which the soft- 

ware is running. 

• R = Functional unit, which is how the application scales; 

per extra user, per API call, per service, etc. 

3.3 Green Coding Practices 

The increasing environmental impact of human activities has 
highlighted the need for developers to adopt sustain- able 
practices and implement green coding strategies. Before 
solving a problem, it is essential to thoroughly analyze it. 
Similarly, before incorporating sustainability practices into 
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our development cycles, we need to understand the 
environmental impact of the code we write. This can be 
achieved by examining the development process and 
evaluating the associated sustainability metrics, like the 
energy consumed, resources utilized and so on. Green coding 
practices include the concept of low-code and no-code which 
allows the users to build the application faster without 
extensive coding. Low code and no code practices allows the 
users to build applications by using the visual drag and drop 
features. It encourages the developers to maintain clean code 
by removing the part of code that does not add value, 
thereby reducing the lines of code and the energy 
consumption. Efficient and streamlined code can enhance 
the performance of the application and optimize resource 
utilization, leading to lower environmental impact. Choosing 
the right technology stack also plays a crucial role in 
optimizing the sustainability parameters. Resources can be 
utilized more efficiently by making use of cloud services. 
Cloud computing, which works on the ‘pay as you go’ model 
provides auto-scaling capabilities, which means that the 
resources can be scaled up or scaled down automatically 
based on the demand, ensuring optimal performance while 
minimizing waste. Virtualization can also be performed 
through cloud services, which allows multiple instances of 
servers, storage or networks to run on a single physical 
device. According to a study, a server with no load or low 
load consumes 70% of the energy of its full load [16]. Hence 
load balancing of the servers is essentially for energy 
optimization. 

3.4 System Architecture 

 

Fig -2: Data Flow 

4. EMERGING TRENDS IN THE FIELD 

Recent research highlights several key trends that are 
shaping the future of this domain, reflecting a broader shift 
towards sustainability in technology and software 
engineering. 

 Agile development, which emphasizes iterative progress 
and collaboration, is widely adopted in software engineering 
and has seen a recent shift towards incorporating 
environmental considerations into agile workflows. The 
Green-Agile Maturity Model (GAMM) proposed by Rashid et 
al. is a significant development in this field [19]. It provides 
an evaluation frame- work that helps global software 

vendors assess their green- agile maturity, ensuring that 
sustainability is embedded into agile development from the 
outset. The study also provides insights into the market 
adoption of green-agile practices, noting that the majority of 
surveyed vendors are still in the early stages of maturity 
when it comes to sustainability. 

Another important trend is the emergence of energy-
efficient DevOps practices. The decision-making framework 
for green DevOps proposed by Akbar et al. illustrates how 
organizations can optimize their CI/CD pipelines based on 
energy consumption. The framework, based on fuzzy 
Analytical Hierarchy Process (AHP), helps companies make 
environmentally conscious choices throughout their 
software delivery processes [7]. This method allows 
decision-makers to evaluate various factors influencing 
DevOps success, such as cultural alignment, automation 
capabilities, and measurement strategies. The growing 
adoption of carbon-aware scheduling in cloud-based CI/CD 
systems is also noteworthy. By scheduling resource-
intensive tasks during periods of low carbon intensity, 
organizations can significantly reduce their energy 
consumption, thus lowering their environmental impact 
[17]. 

The role of cloud computing in sustainability is also evolving, 
as seen in the development of energy-efficient cloud 
software technologies. Katal et al. explore various software 
solutions, such as software-defined energy management 
(SDEM) and energy-aware scheduling algorithms, that can 
optimize resource usage, reducing power consumption in 
cloud environments through dynamic load balancing [18]. 

Several cross-disciplinary approaches seem to be gaining 
traction in the field, such as the intersection of machine 
learning, DevOps, and sustainability initiatives. Husom et al. 
propose a solution with their carbon emission-aware 
machine learning pipelines. By optimizing how and when ML 
models are trained and deployed, these pipelines can reduce 
energy consumption and mitigate the carbon footprint 
associated with large-scale ML operations [17]. As 
organizations continue to adopt machine learning, 
integrating sustainability into these pipelines is becoming 
crucial to balancing innovation with environmental 
responsibility. Organizations are increasingly aware of the 
need to reduce their environmental impact, and the 
integration of sustainability into core development practices 
is becoming a business necessity. 

5. CHALLENGES AND BARRIERS 

Curtailing the growing impact of technology on the 
environment presents several challenges and barriers. There 
are many applications in an organization that make use of 
the legacy technologies, which consume more energy and are 
not an optimal choice with respect to the environmental 
impact. In spite of this, the organizations are reluctant 
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towards transforming them into new technologies because 
of the fear of disruption, leading to potential downtime.  

CI/CD pipeline is essential for continuous release of various 
software versions; however, integrating sustainability into 
CI/CD pipelines and DevOps poses several challenges. 
Optimizing the sustainability metrics can conflict and 
compromise with the performance and may compel the 
developers to choose between energy-efficient and high-
performance solutions. The measurement of the 
sustainability metrics is not direct and easy to measure, it 
can be calculated using various ways, any error in the 
calculation can lead to misleading conclusions. The 
sustainability metrics parameters may re- quire addition of 
new layers for the measurement making their measurement 
more complex. Initial investment required for adopting [21] 
green coding practices such as, renewable resources and 
energy efficient hardware with their exorbitant cost can act 
as a barrier. 

Most of the organizations are unaware of the environmental 
impact and are resistant towards adopting and investing in 
green computing technology. CI/CD and DevOps aim for 
continuous and quick delivery of the software which 
increases the resource utilization, as the primary emphasis 
on the speed and efficiency of the pipeline. This leads to a 
trade-off between the efficiency of the CI/CD pipeline and 
the sustainability of the pipeline. 

6. CONCLUSIONS 

 In conclusion, as the world of software engineering 
advances, the integration of sustainability metrics into 
development practices becomes increasingly critical. The 
rise in computational demand, frequent code releases, and 
rapid infrastructure turnover has intensified the 
environmental impact of software engineering, particularly 
through energy consumption and e-waste generation. Green 
IT practices, such as optimizing code, improving CI/CD 
pipelines, and incorporating sustainability metrics like 
power usage effectiveness (PUE) and energy reuse factors 
(ERF), are essential strategies to mitigate these effects. By 
incorporating eco-friendly practices into the software 
development lifecycle, organizations can significantly reduce 
their carbon footprints while promoting long- term 
sustainability. Future research should focus on advancing 
tools for measuring and minimizing code emissions, refining 
static analysis techniques for energy efficiency, and 
improving the alignment of CI/CD processes with 
sustainability goals. The integration of these green practices 
will ensure that the evolution of software engineering 
continues with a conscientious approach to environmental 
stewardship. 
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