Sustainable User Interface Generation for Digital
Devices: A Case Study

Abstract. The internet has become an integral part of people’s lives. However, any
digital activity results in energy consumption and greenhouse gas emissions, which
are the prime drivers of global warming and climate change. The environmental cost
calls for the practice of sustainable web design or green human-computer interaction.
While there is substantial research on ways to reduce the energy consumption of the
back-end information systems, such as data centers, few studies focus on the front-
end information systems, such as web design. This study aims to analyze the impact
of web design on energy consumption by conducting a case study on an institutional
website. A set of major web tracking and performance metrics tools will be adopted to
collect data upon web hosting, performance optimization, web design, and user expe-
rience. Descriptive analysis of the data will help generate actionable insights into
environmentally friendly user interface design strategies for digital devices.
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1 Introduction

The internet has dramatically transformed the way how people provide and consume
information. However, while making information communication faster, easier, and
more accessible, our digital life produces CO2 gas emissions and consumes energy
that can negatively impact the environment and exacerbate global climate change [1].
Today, with approximately 5 billion internet users, 2 billion websites, and 9 billion
traffic, the internet has consumed nearly 4 million megawatt-hours of electricity and
produced 3 million tons of CO2 emissions [2]. To prevent these numbers from going
up every minute, it is critical to design and develop green web presences that reduce
carbon emission and energy consumption.

To prevent the internet from becoming a principal global warming agent, web de-
signers and developers have started to promote a sustainable web design approach
lately [3], which is to design digital user interfaces with principal concern on their
capability of reducing carbon emissions and energy consumption. Therefore, in this
proposed study, we will investigate the sustainability design practices of a selected
institutional website to achieve the following goals:

1) To determine how web design shall be evaluated for sustainability
2) To assess the role of digital elements and aspects of a user interface in devel-
oping a sustainable web presence



3) To generate strategies for sustainable user interface design on digital devices.

2 Literature Review

Overall, previous studies investigated websites’ hardware, software, and network for
energy-saving purposes. At the hardware level, studies ranged from reducing the en-
ergy consumption of processors [4,5] to implementing energy-efficient storage sys-
tems to reduce the power consumption of hard drive disks [6]. At the software level,
several studies investigated the role of HTTP requests in web power consumption and
suggested reducing the number of HTTP requests or the size of web components to
save energy. Particularly, optimizing stylesheets and script files of a webpage to save
energy was a highly recommended approach by previous research [7]. In addition,
some researchers presented a framework to measure the energy used by mobile devic-
es when rendering web pages [8] and investigated the reasons for slow web perfor-
mance for mobile devices. Their findings revealed that images had most of the energy
needed to render web pages and suggested optimizing images and scripts for less
storage size, faster rendering, and better web performance [9]. Furthermore, research-
ers conducted comparative studies on the energy efficiency of different web browsers
[10], and analyzed the benefits of proxy services in energy saving [11]. One study
observed the role of sustainability in web design and recommended alternative design
options for the back-end information system on energy-saving [12]. Two other studies
even proposed frameworks for calculating the energy consumption of a website and
explored the impact of energy-saving display modifications on perceived ease of use,
quality, and performance [13, 14]. At the network level, researchers proposed system
algorithms to reduce energy consumption in cloud computing [15] and explored ways
to leverage renewable energy in data centers [16]. Other studies explored the negative
impact of internet traffic on our environment [17] and how social networks and search
engines produced gas emissions [18].

Despite intensive research on the energy-centric aspect of web usage at the hard-
ware, software, and network levels, there is a lack of focus on the impact of web user
interface design on the environment. Existing literature proposed four indicators in-
volved in sustainable web design: green hosting, search engine optimization, perfor-
mance optimization, and design and user experience [19]. Among these four indica-
tors, using a green hosting service that is powered through renewable resources and
optimizing website performance for search engines are the most impactful ways to
reduce the energy consumption of a website [19]. However, even the most micro-
level change of web elements can significantly impact the environment in the long
term. One study found that the web components such as text and multimedia content,
colors, fonts, layout, structure, and interactivity design can significantly affect the
webpage’s total weight - the size of all files used to create the page [20]. With an
emphasis on these individual components, web designers can contribute to a sustaina-
ble web design with fewer carbon emissions.



Therefore, this study will fill in this gap by investigating the four sustainability in-
dicators, particularly the role of web optimization and user interface design compo-
nents to assess their impact on energy consumption.

3 METHODOLOGY

We will conduct a case study by examining the sustainability of a selected institution-
al website using relevant tools and metrics to determine energy consumption.

3.1 Setting

The School of Library and Information Science (SILS) at the University of North
Carolina (UNC) at Chapel Hill is an educational organization that celebrated the 90th
anniversary of its establishment this year [21]. SILS relies highly on Web technology
and consumes significant amounts of data and energy for its day-to-day operations as
an information school. With nearly 400 students, staff, faculty, and many visitors who
visit the website frequently, the SILS website is presumably a high-traffic site, result-
ing in energy consumption and gas emissions. In order to reduce the impact of SILS's
digital presence on our environment, it is essential to take action with a sustainability
plan. SILS can reduce its digital carbon footprint and energy consumption by imple-
menting recommendations from this study. In addition, the findings of this study can
also apply to other similar schools on campus. Ultimately, the impact of all UNC
websites on the environment can be minimized considerably.

3.2 Data Tools

We will adopt the following tools that have been used in previous studies to collect
data on the site's web performance, content type and size, speed, user traffic, and
screen time:

Google Page Speed Insights: is a Google's tool for evaluating webpage speed, deter-
mining each web page's loading time and comparing the data with the average of all
the pages that Google analyzes. Previous studies used this tool to assess websites'
speed and web performance before implementing optimization techniques [22]. We
will use it to examine which SILS webpages take longer than other pages to load and
require more power. This Google tool also provides separate performance scores for
mobile devices vs. PCs [23].

Pingdom: is a widely used speed testing tool analyzing how quickly web pages load.
It uses a global network of testing centers to determine a site's speed in more than 70
regions [24]. In addition, Pingdom provides insights on server response times, host-
ing, rendering and interaction times, content size by domain, and opportunities for
improving page performance. One of the most important features of Pingdom is to
break down the site based on content types and size and reveal which content compo-



nent takes up the most storage size and consumes the most energy. Several studies
used Pingdom to identify performance factors of websites and utilized the results to
optimize the web components and minimize the code [25,26,27].

Google Analytics: provides statistics and essential website usage analytics for search
engine optimization. Particularly, website performance tracking and visitor highlights
are helpful metrics for performance optimization. Additionally, website traffic and
screen time data [28] will help determine the overall energy consumption of a web-
site. Previous studies have utilized this tool to evaluate the overall usability of e-
commerce and food composition sites [29,30] or to reveal how visitors interacted with
a library website, including the most visited pages and the screen time of each page
[31].

Drupal: The SILS website uses Drupal to manage its content. The user interface and
layout of the website are created mainly by customizing existing Drupal themes.
Therefore, we will use Drupal to investigate the theme files and understand the rea-
soning behind the site’s current layout.

3.3 Data Measures

To assess environmental sustainability, we will consider the total energy consumption
and CO2 gas emissions of the website and its components. Total energy consumption
will be calculated based on the electricity that SILS website uses for data centers,
transmission networks, and end-user devices. As shown in Table 1, the data we aim to
collect will focus on two levels (i.e., network and software) and four measures (i.e.,
hosting, search engine optimization, performance optimization, web design, and user
interface design). The data will be collected to explore the site's web performance,
content type and size, speed, user traffic, and screen time.

Table 1. Overview of data measures

Level Data Measures Metrics Tool
Page speed Google Page
Content size (media, text, Speed Insights
Performance  Op- graphics in kB) Pingdom
timization Code size (JavaScript, CSS) Google Analytics
Software Number of HTTP requests
Search Engine Findability o Google Analytics
Optimization Content Quality (links)
Web Design & Size and energy consumption D'rupal
User of the demgq assets (color, Pingdom
Network font, layout in kB)
Interface Design Code minification (CSS,
JavaScript)
Media content roles (images,




videos)

Hosting . Green hosting ° Pingdom

3.4  Data Analysis

This study will analyze the collected data quantitatively using Microsoft Excel. De-
scriptive statistics will be provided for each of the data measures. Sustainable web
design strategies and recommendations will be generated based on the results.

4 CONCLUSION

This study states the importance of web design in environmentally sustainable web
presences and provides insights on sustainability measures in network and software
levels. We aim to analyze the impact of web design on total energy consumption by
conducting a case study on an institutional website. We will investigate sustainability
indicators such as web hosting, performance optimization, and particularly web de-
sign and user experience and utilize multiple web performance and tracking tools to
analyze the impact of each indicator on the overall energy consumption of the site.
Descriptive data analysis will help generate actionable insights into environmentally
friendly user interface design strategies for digital devices.
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