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ABSTRACT

The World Wide Web and web pages play an integral role, serving
as the backbone for the myriad of services we rely on regularly. The
size of web pages has increased constantly, which is not optimal
considering the growing awareness of the substantial energy and
resource consumption associated with Information and Communi-
cation Technology (ICT). This paper presents an analysis of 10,000
popular web pages and studies ways to use less data while still
retaining the essential content. Our comprehensive analysis reveals
the potential for remarkable data savings, amounting to over half
of the data currently utilized. This paper highlights a conscientious
approach to web page construction towards more environmentally
sustainable digital services.
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1 INTRODUCTION

The Internet is the platform for a huge range of services. At the
heart of most services is the World Wide Web and its web pages.
Web pages have evolved from simple static pages with text-based
information to pages that provide different types of services, such as
banking, social networking, video on demand and online shopping.
These services are often complex and thus require more resources
and use more data than the simple text-based pages.

Predictions from various studies indicate that if current trends
continue without significant intervention, ICT energy consumption
could constitute a much larger percentage of global electricity use,
with some estimates projecting it could rise to 20% by 2030 [1]. This
underscores the urgency for immediate and sustained action to
enhance energy efficiency across all ICT domains, from individual
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devices to large-scale data centers. Andrae and Edler [2] also predict
that the ICT share of the global electricity usage in 2030 could reach
51% in the worst case scenario and 8% in the best scenario, with the
expectation being between these predictions at 21%. In 2012, this
share was estimated to be only 4.7%. Especially data center and fixed
wired network energy usage is predicted to increase significantly,
while the consumer device energy usage should decrease. The share
of the networking area is also growing rapidly, partly due to the
increased usage of mobile cellular connectivity. At the same time,
the total global electricity usage increases, meaning that the overall
energy used by ICT increases and not just its share of the global
electricity usage. Different industries are making efforts to be more
environmentally friendly and ICT has a significant positive hand
print impact in assisting these goals. The ICT sector should do the
same for its foot print and try to reduce the resource usage and
carbon footprint.

Web pages contain most of their information as text content
in an HTML-document. However, most of the data usage comes
from images and JavaScript files. The total image and JavaScript
bytes per page have multiplied in the past ten years, meanwhile the
number of image requests has actually decreased and the number
of JavaScript requests has only doubled [3]. This means that the
average size of images and JavaScript files has increased signif-
icantly. Larger pages require an increasing amount of resources
(network bandwidth, storage, CPU) to process, transfer and store
on server-side in data centers as well as on end devices, which leads
to increased energy consumption and carbon footprint. In addition
to image sizes and JavaScripts on web-pages, programmatic online
advertising is consuming large amounts of energy while rendering
in the end-user devices, but also from the real-time bidding process,
which activates hundreds of servers in different data centers during
bidding auction [4].

The increased data usage of web services increases the ICT sec-
tor’s footprint. The main impacts are the increased carbon emissions
on the server side and the emissions and energy consumption of
mobile networks. The Web Site Carbon [5] calculator estimates
the emissions of websites and increased data usage increases the
emissions. Mobile networks and the radio base stations show a
traffic-related energy consumption profile. This has most recently
been measured and presented by Roope Lahti [6]. The measure-
ments show that the base stations’ energy consumption grows
linearly with the traffic load. As more and more of our daily Inter-
net services are served over mobile networks, a decrease in data
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consumption has a direct impact on the energy consumption and
carbon emissions.

In this paper, we present a study of 10000 most popular web
pages according to Google. After removing duplicates, we obtained
7324 unique URLs. We emulated four different user device setups:
desktop, scrolled desktop, mobile and scrolled mobile. On each
device, approximately 6900 URLs could be connected to. Our results
show that 49% to 58% of the average page size was from images,
depending on the simulated user device. The second largest type of
resource was JavaScript, with 20% to 28% of the average page size.

The largest data savings were related to images. For images, re-
placing older formats, like PNG and JPEG, with modern formats,
such as AVIF and WebP, and resizing images so that their loaded res-
olution matches their displayed resolution could reduce the amount
of data up to 80% or even more. The analysis of JavaScript libraries
showed that approximately 5.4% to 5.6% of the total JavaScript was
from 16 most popular libraries. Potentially, libraries could be cached
in the browser to remove the need for each page to load the same
libraries separately in their JavaScript files. Additionally, some data
could be saved by removing unused JavaScript.

The Web Sustainability Guidelines (WSG) presents recommen-
dations for making websites and products more sustainable [7].
Sustainability is a wide topic and in terms of environmental aspects,
WSG emphasize optimizing web content and infrastructure for en-
ergy efficiency, choosing green hosting providers, and enhancing
user experience through fast loading times and accessibility. WSG
advocates for resource optimization, regular audits, and commu-
nity engagement to promote sustainable web practices, ensuring a
more efficient and environmentally responsible digital ecosystem.
Our work can be seen a complementary to the WSG and brings
some concrete evidence and data to motivate more careful web
page designs and server configurations for a more environmentally
sustainable future of ICT.

Next, Section 2 looks at some related work and Section 3 presents
the methodology used in this study. Section 4 presents the results
regarding the resources of the analyzed pages and Section 5 focuses
on the possible data saving methods to reduce page size. Section 6
contains the conclusions and future work.

2 RELATED WORK

HTTP Archive [3] crawls millions of URLs every month and first
started gathering this data in 2010. Much of the same data that ap-
pears on HTTP Archive, such as total page size, number of requests
and the sums of the bytes of different resources on a page, has been
gathered in this study. However, HTTP Archive only has page data
for non-scrolled desktop and mobile, whereas this study includes
the fully scrolled versions as well. Web pages often use lazy loading
to load non-blocking, or non-critical, resources only when they
are needed. For example, with lazy loading images are only loaded
when they come near the viewport. This means that the scrolled
version of a web page is often larger than the initially loaded page
that has not been scrolled. Furthermore, HTTP Archive does not
have any information on how much data is wasted per page and
how data could be saved.

Several studies have been made that analyze the characteris-
tics of one country’s web, such as Argentina [12] and Spain [13].

Aleksi Saarinen, Muhammad Zubair Farooqi, Matti Parssinen, and Jukka Manner

Additionally, one study makes a comparison of the characteristics
of Chilean and South Korean web [14]. These studies looked at
several metrics, such as: the average size of the textual content
of pages, pages per website, links between the same and different
websites, URL length and URL terms. These studies analyze web
pages, but focus more on link structure, the technologies used on
the pages and general characteristics rather than the resources and
data usage.

Miranda and Gomes [15] compare the results of three earlier
studies that analyzed the Portuguese web. Similarly to [12-14],
this study primarily focuses on the characteristics as well, but also
includes some data on resources. The study shows content size
distribution of pages with data from 2003 and 2008. Furthermore,
the study compares media type distribution and its trend for all
media types and for textual media types only.

Studies by Google [8, 9] show that on mobile, the longer a page
takes to load, the more likely a user is going to leave the page.
Furthermore, 53% of visits to pages are likely to be abandoned if
the page takes more than 3 seconds to load. Reducing page size
directly reduces the time it takes to load the page, which makes
users less likely to leave the page. Pages that load faster also have
a higher conversion rate, for example 0.1 second improvement to
page load time on mobile resulted in 8.4% increased conversions
and 9.2% higher average order value on retail pages [10]. The focus
on the Google work has not been on environmental sustainability.

Some other studies that analyze a large number of web pages
focus on privacy aspects [16—19], insecure JavaScript practices [20]
or the replicability of web measurement setups [21]. While not
directly related to this study, some studies have measured web
performance [22] and the quality of experience of web use [23, 24].
The Green Web Foundation also works towards a fossil-free Internet
mainly through advocating the use of green energy.

3 MEASUREMENT METHODOLOGY

In our study, we analyzed the top global web pages according to
Google’s Chrome User Experience Report. Our focus was on the top
10,000 desktop pages based on popularity. Without specifying the
form factor (like desktop or mobile), the query returned duplicated
URLs with various form factors such as desktop, mobile, and tablet.
This yielded 8,769 URLs, but after removing duplicates, we had
7,324 unique URLs. Some pages were inaccessible due to connection
or permission issues which lead to 6,887 URLs for desktop, 6,901
scrolled desktop, 6,907 mobile, and 6,895 scrolled mobile pages.
Lighthouse [11] is an open-source tool developed by Google that
analyzes web pages and returns data of the page’s resources, perfor-
mance, and practices to improve the page and speed up the page’s
loading time. Lighthouse was configured to launch an instance of
Chromium browser and to return a JSON file for the analyzed page.
For desktop, a resolution of 1920x1080 was used, and for mobile
1080x2400. According to StatCounter [29], 1920x1080 is the most
common resolution for desktop devices. The resolution used for
mobile was the most common resolution for the best-selling phones
for the Finnish operator Elisa [30]. For scrolled desktop and scrolled
mobile, the height of the device was set to 30000 pixels (1920x30000,
1080x30000), to simulate scrolling. This makes the page load fully,
as if it were scrolled from top to bottom. Some pages can scroll
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infinitely, so using a high pixel height would set a hard limit on the
scrolling and make results comparable. The 30000 pixel height was
analyzed to cover all pages expect the infinitely scrolling ones.

Every image that was not in SVG-format (Scalable Vector Graph-
ics) appearing on the pages with the device as desktop was down-
loaded with Wget [31] to be converted to other formats. SVG-
formatted images are XML-based vector images that can not be
easily converted to another format. Furthermore, SVG images are
already very light-weight and well optimized.

PNG and JPEG are the most widely used image file formats, with
81.1% of web pages using PNG and 76.3% using JPEG [33]. These
image file formats are relatively old now and inefficient compared
to some modern formats, such as WebP and AVIF that are suggested
by Lighthouse. Using a Python script and ImageMagick [27], sev-
eral versions of these images were created to see the efficiency of
compression. An unmodified, original version of each image was
kept as a comparison baseline. With Lighthouse, the displayed reso-
lution (that the page shows) and the loaded resolution was acquired
for each image. If these resolutions were the same, the image was
simply copied, but if the loaded resolution was larger, the image
was converted to the displayed resolution. With three quality levels:
60, 80, and 90, WebP-versions of the original images were created. If
the original image was already WebP, it was copied to its respective
directory. Finally, a version that was converted to WebP, with each
quality setting and also resized, was created in its directory.

With Lighthouse, the list of JavaScript libraries used by each
page was acquired. Lighthouse utilizes Library Detector for Chrome
[32] for this, that detects the JavaScript libraries used on a web page.
The sizes of these libraries and their dependencies was obtained
with Bundlephobia [28]. The number of dependencies was 0 for
52 libraries, 1 for 18 libraries, 2 for 4 libraries, 3 or 4 for 1 library
each and more for the remaining libraries. Generally, most of the
libraries should not have overlap with each other based on their
dependencies, apart from some larger and less common libraries
that had significantly more dependencies. Out of the 126 libraries
that Library Detector for Chrome detects, the size of 94 libraries
was obtained with Bundlephobia and the remaining 32 libraries
returned no value for their size. The total number of occurrences of
each library on the pages was counted and the list sorted to get a list
showing the libraries from the most common to the least common.

4 PAGE RESOURCE ANALYSIS

Figure 1 shows the average size of various types of resources on
analyzed websites. Resources include PNG or JPEG images, GIFs
for animations, and JavaScript files that add interactivity and func-
tionality. CSS files style the page, influencing things like fonts and
colors. If non-standard fonts are used, they need to be loaded, other-
wise, they don’t add to the page size. The HTML document contains
the page’s text, while XHR files handle seamless background data
fetching, like loading images or videos. Media files refer to audio
and video, and the ’other’ category includes miscellaneous data like
CORS checks. Third-party files are external resources that can vary
widely in type and size. The total size of a webpage is the sum of
all these components, except third-party files.
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Figure 1: Average size of resources (Kb)

The average page size was 3358 kB on desktop, 4360 kB on
scrolled desktop, 2939 kB on mobile and 3918 kB on scrolled mo-
bile. Furthermore, 49% to 58% of the average page size was images.
JavaScript on average varied between 20% to 28% of the page size.
Combined, images and JavaScript take on average 77% to 78% of
the total page size on all devices, leaving the remaining 22% to 23%
somewhat equally distributed between style sheets, fonts, docu-
ment, XHR, media and other files. Approximately 52% of the average
page size comes from third-party resources on all devices.

5 DATA SAVING

In this section, data saving methods are discussed. This includes
methods suggested by Lighthouse, as well as our analysis of images
in more detail and saving possibilities with JavaScript libraries.

5.1 Overview

Lighthouse has recommended several strategies for reducing web-
page sizes, as illustrated in Figures 2 and 3. These include removing
unused CSS and JavaScript, which are code lines in these files that
aren’t executed unless the page is interacted with, potentially saving
between 376 kB to 407 kB depending on the device. Other methods
include eliminating outdated or duplicated JavaScript, applying text
compression, and using image compression to lower the quality
level from 100 to 85. Additionally, converting older image formats
like JPEG and PNG to more efficient ones like WebP or AVIF, resiz-
ing images to match their display resolution, and switching large
GIFs to video formats can further reduce data usage. Lastly, making
data cacheable doesn’t reduce the initial load size but decreases the
amount of data needed for subsequent visits. These techniques aim
to improve loading times and reduce bandwidth usage, enhancing
overall user experience and managing data costs effectively.

A significant amount of data could be saved with images. Using
compression level of 85 for images, between 179 kB and 285 kB
could be saved, without affecting the quality of the images too
much [25]. The largest saving opportunity was using better image
formats, which would result in 740 kB saved on desktop, 975 kB
on scrolled desktop, 634 kB on mobile and 890 kB on scrolled mo-
bile. Lighthouse estimates the data saved by comparing the bytes
per pixel of the original image and calculating the expected bytes
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per pixel if AVIF or WebP formats were used instead of older for-
mats. Another method with large data saving potential is image
resizing, where the image’s loaded resolution is resized to match
the displayed resolution. The average saving potential by resizing
images was 594 kB on desktop, 959 kB on scrolled desktop, 235 kB
on mobile and 403 kB on scrolled mobile. A small amount of data,
112 kB to 173 kB, could be saved by converting GIFs to video files.

Additionally, on average 764 kB to 1034 kB of data could have a
long cache time, but either is not cached at all or has a short cache
time. Caching data would reduce the amount of data needed to
load when accessing the same page again, which would indirectly
reduce the amount of data consumed on web pages.

5.2 Image pixels

Wasted pixels, where the loaded resolution exceeded the displayed
resolution, were calculated separately for each image and then
added together. If an image was displayed at a higher resolution
than it was loaded, it was not counted as wasted because it might
appear low-quality.

The results, shown in Table 1, reveal that the mean wasted-to-
loaded pixel ratio exceeds 90% across all devices when calculated
using the mean. The median ratio is around 30% on desktops and
over 50% on mobile devices. This discrepancy suggests that images
are often oversized for their display context, particularly on mobile,
where images are loaded at desktop sizes but displayed at much
smaller mobile resolutions. We also found that scrolling devices
tend to load and display more pixels, but the mean number of wasted
pixels remains similar across scrolled and unscrolled devices.

The cumulative distribution function (CDF) of the wasted-to-
loaded pixel ratio across different device types is illustrated in Figure
4. For desktop and scrolled desktop configurations, the CDF exhibits
a nearly linear progression, indicating a more uniform distribution
of wasted pixels relative to pixels loaded. In contrast, the mobile
and scrolled mobile configurations demonstrate a CDF that closely
resembles an exponential function, suggesting a significant varia-
tion in the efficiency of pixel usage across pages. This combined
visualization highlights the distinct patterns of pixel wastage across
device types, emphasizing the need for optimized content delivery
tailored to each device’s characteristics.
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Figure 2: Average savings (Kb) reported by Lighthouse

Aleksi Saarinen, Muhammad Zubair Farooqi, Matti Parssinen, and Jukka Manner

Average saving percentage of the average page size

20

15

10 |

5

, ln ‘ —— — [ ] II “

Unused S Unused JS  LegacyJS DuplicateJs  Text Image Image Image  Animated  Cacheable
Compression Compression ~ Format ~ Resizing ~ Format Data

mDesktop W Scrolled desktop @ Mobile  ® Scrolled mobile

Figure 3: Average saving percentage of the average page size

Table 1: Mean and median pixels for each device

Desktop Scrolled desktop | Mobile Scrolled mobile
Mean pixels | 40,485,326 41,998,330 36,720,507 38,330,907
loaded
Median pixels | 2,541,122 3,895,472 1,767,237 3,250,553
loaded
Mean pixels dis-| 3,376,376 13,559,285 1,580,313 6,736,936
played
Median pixels dis- | 1,597,252 2,604,223 560,093 1,145,325
played
Mean wasted pix- | 37,983,881 38,126,610 35,391,672 36,236,343
els
Median  wasted | 767,026 1,108,309 1,028,193 1,722,080
pixels
Mean wasted-to- | 93.8% 90.8% 96.4% 94.5%
loaded ratio
Median wasted-to- | 30.2% 28.5% 58.2% 53.0%
loaded ratio

This shows the same trend as the median wasted-to-loaded ratio
in Table 1, which is that the ratio is higher on mobile and scrolled
mobile than on desktop and scrolled desktop.

CDF of Wasted-to-Loaded Pixel Ratio Across Different Datasets
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Figure 4: Distribution of Pixel Ratio

5.3 Image data saving in more detail

Table 2 shows the size of all images downloaded from the pages
with the device as desktop with different formats. Original is the
size of the images as they appear on the pages.
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Web pages can load an image with a certain resolution, for ex-
ample 100x100, but display this image in a different resolution, for
example 50x50. If the loaded resolution is larger, some transferred
data is wasted in the rendering. Data can be saved by resizing im-
ages to match the displayed resolution. In the table, this appears
in the 'Resized’ row. Over half of the total size could be saved by
resizing, which shows that a large number of images are displayed
with a smaller resolution than they are loaded with on web pages.

WebP is a modern image format that offers better compression
than PNG or JPEG [34], which results in smaller file sizes for images.
According to Google’s studies, WebP lossless images are 26% smaller
in file size compared to PNGs [35] and WebP lossy images are 25-34%
smaller in file size than JPEG images [36]. Another study [37] found
that WebP has a good compression efficiency when compared to
JPEG codecs and has a lower peak signal-to-noise ratio, with natural
images with lower bitrate. But with higher bitrate and for synthetic
images, such as digital patterns, WebP’s efficiency decreases. Netflix
did a study [38] that compared different image formats, including
different versions of JPEG that maximize a specific metric, WebP
and AVIF minimizing mean squared error and AVIF maximizing
Structural Similarity Index (SSIM). SSIM measures the similarity
between images. The study used several metrics, such as SSIM,
Multi-Scale Structural Similarity (MS-SSIM), Visual Information
Fidelity (VIF) and peak signal-to-noise ratio (PSNR) to compare
the bitrate difference to the original PNG image. The study found
that for all metrics, WebP performed better, meaning it had a lower
bitrate when compared to the different JPEG versions or the original
PNG. Furthermore, AVIF performed even better than WebP with
all metrics.

The best image format could be chosen by web server upon
receiving the information about the user agent and capabilities.
Thus, newer web browsers receive the most data-efficient images
and older browsers then left with the less optimized image formats.

In our study, only the conversion to WebP was considered, de-
spite AVIF being more efficient, because WebP is more common:
WebP is used on 5.1 % of all websites and AVIF in less than 0.1% ac-
cording to W3Techs’ data [33]. Furthermore, WebP is more widely
supported by browsers than AVIF. In Table 2 WebP formatted im-
ages are "WebP 60’, "WebP 80" and "WebP 90’, where the number
references the quality level. A quality level higher than 90 would
often lead to the file size increasing, because of lossy images being
converted to lossless or lossy images being converted to lossy with
higher quality than the original image. Quality levels of 80 and 90
produce images that are visually nearly indistinguishable from the
original, while saving a significant amount of data. Quality level
60 saves even more data, but looks noticeably different, especially
with large images.

By combining these methods, resizing and using WebP format,
even more data can be saved. Even with quality level 90, resizing
and using WebP, lowers the total data used to less than a third of
the original.

The number of images in each category in Table 2 differs slightly.
The reason is that some of the original images could not be down-
loaded properly, which resulted in an empty image file of 0 bytes.
Furthermore, for some images, the conversion to WebP did not
succeed.
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Table 2: Total Downloaded Image Sizes by Format: Desktop.

Format Total size Number of im-
ages
Original 12.1 GB 245483
Resized 5.9 GB 234810
WebP 60 4.3 GB 227668
WebP 80 5.3 GB 227668
WebP 90 6.7 GB 227668
Resized WebP 60 2.2GB 224930
Resized WebP 80 2.7 GB 224930
Resized WebP 90 3.5 GB 224930

5.4 JavaScript libraries

A theoretical method to reduce the amount of data loaded when a
page is loaded, is to cache some of the common JavaScript libraries
to the browser, to prevent the same libraries getting downloaded
multiple times as many pages use the same common libraries. This
would cause issues if some of the libraries were not backwards
compatible with their older version, in which case multiple versions
of the same library would have to be cached.

The most common libraries were jquery (used on 4349 pages),
corejs (3701), react (1295), boostrap (1161) and jquery_ui (1035).
Thus, over half of the pages use jquery and slightly fewer, but still
over half of the pages use corejs.

The proportion of JavaScript attributed to libraries on initially
loaded pages is depicted for both desktop and mobile devices in
Figure 5, showing data for pages loaded once ("Desktop" and "Mo-
bile") alongside pages that are fully scrolled ("Desktop Full" and
"Mobile Full"). All configurations exhibit similar trends across dif-
ferent datasets. Notably, the 16 most used libraries account for JS
savings of approximately 6% to 9%, varying slightly between the
different device configurations. Beyond the top 16 libraries, the
savings percentage levels off, remaining consistent up to around 9%.
Implementing caching for these libraries could represent signifi-
cant data savings. However, these percentages may not fully reflect
typical user behavior, as users often revisit fewer pages repeatedly
rather than accessing many different websites. Thus, the practical
savings could potentially be greater than those illustrated here.

6 CONCLUSION AND FUTURE WORK

In our study, we observed that the majority of the page size, ranging
from 49% to 58%, was attributed to images, and about 22% to 23%
to JavaScript, amounting to a combined 77% to 78% of the total,
contingent on the device used. Notably, a significant proportion of
page pixels were transmitted but not eventually used, especially
on mobile and scrolled mobile devices. This indicates that many
images are loaded at resolutions higher than their display specifica-
tions. The predominant data-saving recommendations from Google
Lighthouse were image-centric. By adopting modern image formats
and resizing images to align loaded resolution with display resolu-
tion, substantial savings can be realized. As an illustration, initially
loading every image totaled 12.1 GB of data. After resizing and
transitioning to WebP at a 90% quality level, the data dramatically
dropped to 3.5 GB. Potential savings were also identified in omitting
unused JavaScript and caching JavaScript libraries, reducing the
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Figure 5: JavaScript Library Percentages: Across all datasets

need for repetitive loads across diverse pages. In some cases, tai-
lored solutions could negate the need for specific libraries, further
optimizing data use.

The main environmental benefits from smaller pages come from
reduced emissions on the server side and mobile networks. Mobile
networks are energy-proportional to a great extent and thus less
data will save energy and create less emissions. Also, if load on
mobile networks could drop or even grows slower, there is less
pressure on increase capacity by installing new hardware, that
needs to be built and powered.

We see many directions for future work. One clear topic is the
overhead of the HTTP/HTTPS signalling and data transfer. From
the early days of the World Wide Web when web sites were rather
simple and content was mostly centralized, current web sites are
built using over 100 different objects coming from tens of different
servers. Each connection requires its own HTTP/HTTPS handshake
and the overhead of the all the signalling would be interesting to
measure and understand. A related questions is the benefit of HT TP
pipelining with the web services built today.

In our analysis, we found numerous cases where a web site
had extremely heavy content, such as 30MB pictures sent to the
device that were downgraded on the browser to small illustrations,
or 100MB animated GIF files that were used instead of videos,
probably to enable more universal playback. Our data collection
could be much more fine-graded, looking at daily changes in web
site content, and what extreme cases we find. For example, studying
the structure of a given set of web sites on an hourly basis and
analyze the variance and reasons for that.

Developers and publishers use various tools to build the web
sites. Can we identify the tools used and is there a pattern that
some tools create heavier and more complex web sites, while other
tools produce lighter and more sustainable end results? Could these
designer tools somehow support more sustainable development
of web-based services? The ultimate goal of our works is to raise
awareness in the ICT sector on more careful design of services
to enable a more sustainable future that does not require a con-
stant and steady increase in capacity and eventually growth in the
consumption of energy and natural resources. We see our work
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complementary to the Web Sustainability Guidelines (WSG) and
brings evidence and support for more environmental web services.

The analysis presented in this paper resulted in an open tool that
performs analyses and recommendations to web site developers.
Our goal is to provide the data acquired through the service openly
to researchers and the public at large. The public service can be
found from greenpages.aalto.fi.
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