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ABSTRACT 

The resource and power consumption of Information and Communication Technologies (ICT) increased rapidly in 
the last years and is still increasing. One big player regarding the energy consumption within the ICT is represented 
by the World Wide Web. Since it gains soaring importance in nearly every branch of industry the number of servers 
is also growing. This has sufficient influences on our environment. On the one hand there are the greenhouse gases 
(GHG) produced in the process of production of these servers and on the other hand there are greenhouse gases pro-
duced while operating the devices. In this case we have to have a look at the energy that is used to run the server. 
When there is no label displayed on a website we surf on, we do not know which quality of energy is used. Is it 
atomic, renewable or any other kind of energy? Because of this it is important to achieve some transparency. This is 
interesting for every stakeholder but particularly for the end user. Hence, we developed the Green Power Indicator 
(GPI), that visualizes this information for web users. Our tool displays the class of energy the data center, hosting the 
current website, is powered by. We distinguish between three classes of energy, which are described in detail below.  
In addition, we will go into the technical details of the extension and introduce some further developments in this 
context. The Add-on is also able to show the status of a website before you surf on the specific website. With this 
opportunity the user can decide whether to click on a green link or not. 
We will also inform about other approaches towards a greener web including Green Web Initiatives and other Add-
ons. Furthermore we will give a short introduction in Eco Labels and present research results. After describing the 
GPI, which is based on the extension introduced in (Naumann/Gresk/Schäfer 2008), we will give some background 
information including the development of the tool and, in order to get an impression of the student work behind the 
development of the Add-ons, we will also give a description of the students’ projects on the Environmental Campus 
Birkenfeld. 

1. Introduction 

Greenhouse gas effect, global warming, climate catastrophes – the climate change becomes an issue of 
high relevance even in our daily routine. That should be reason enough to change to a sustainable devel-
opment (SD). Regarding the ecological aspect of SD one approach are international supports for renewa-
ble energies, in Germany known as energy transition. Caused by rising energy consumption worldwide 
several activities to reduce the energy consumption on the one hand and to increase the usage of renewa-
ble energy on the other hand came up or rather expand, e.g. the International Solar Energy Society 
(http://www.ises.org/). Overall it is to say, that the market for eco-power is continuously growing. 
In the context of ICT, especially data centers consume much electricity. Hence, they influence our climate 
in a negative way. But where does the power come from? More and more data centers are using green 
electricity, but there is no transparency for the user to get informed about that. 

In contrast to the possibilities users have in their choice of hardware and software the direct influences 
on the Internet are limited (Dick/Naumann/Held 2010). The users cannot control the energy consumption 
of online services. Indeed it does not count for the environmental impact if any local device or remote de-
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vice (e.g. server) consumes the electrical power. In both cases the source of the electric power is a 
considerable factor regarding the environmental impact. 

Figure 1 
The GPI shows different types of green electricity 

To get information about the sustainability of e.g. a website the users depend on the online-services. If 
the users want to be environmentally friendly, e.g. while surfing online, they need to know how environ-
mentally friendly the service provider is. Only with this information the users have the chance to decide 
about the services they use and will be motivated to think about sustainability in this area. Therefore, es-
pecially for the end user, it is important to visualize sustainable efforts in the IT. 

In the following paper we present a tool, that visualizes if a website is hosted with green power and in-
forms about the energy’s quality via a small icon (Fehler! Verweisquelle konnte nicht gefunden wer-
den.). The tool, a Firefox Add-on called “Green Power Indicator” is one approach to support the “Green 
Web” and is enhanced in different student projects on the basis of the tool described in (Nau-
mann/Gresk/Schäfer 2008). 

2. Related Work 

Since “green” becomes a buzz word and is going to be ever-present, the Internet is also not spared from 
these activities. There exist more and more initiatives, recommendations and tools supporting the so called 
“Green Web”. Some of these will been described in the next section. 

2.1 Green Web Initiatives 

Accounting to Alexa’s web analytics Google is the top site on the web 
(http://www.alexa.com/topsites/global 2012-06-27). Within the top 10 websites are three more search en-
gines (Yahoo!, Baidu.com and Windows Live). This causes the assumption that search engines give rise to 
a main part of the Internets energy consumption. 

Two projects counteracting this energy consumption are Ecosia and Blackle. Ecosia is an environment-
friendly search engine, supported by Yahoo and Bing. The engine calls itself “green” because for every 
click on an advertisement some money is invested in rainforest projects. Furthermore the induced CO2 
emissions are compensated by offsets. Blackle is the black version of the Google search engine. The inten-
tion is to save energy by using a black background display. This relies to a study by the University of Cali-
fornia (Roberson/Gregory/Mahajan 2002) that says that a monitor needs more power to display a white 
(light) screen than a black (dark) screen. Indeed this statement refers mainly to CRT displays [7]. 

The Online leaf project (http://www.onlineleaf.com) is also based on the energy saving character of 
black websites or rather monitors. One of their products is their standby engine that hides heavy anima-
tions, covers the window in black and pauses heavily running background processes while the user is not 
actively using the website. This engine is offered as WordPress plugin as well as a code snippet linking to 
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a specific JavaScript file that can be integrated into ones websites source code. In this way every web de-
veloper can use the energy save mode for his website. 

CO2 Stats (http://www.co2stats.com) is an approach that calculates the environmental footprint of a 
website, including the servers, the visitor’s computers and the network. To do so one has to register and 
will get a code snippet that has to be insert into the website. The detected environmental impact is neutra-
lized by different projects. Website visitors can have a look on reports of the sites footprint.  

Another tool to visualize the carbon footprint of websites, including server, infrastructure and end user, 
is "Greenanalytics" (http://www.greenalytics.org/). Based on data from Google Analytics and environmen-
tal research, the application aims to automatically generate a carbon impact of the life cycle of a website. 
The results are an approximation of the real environmental impact but they give a sense of scale and more 
transparency (Zapico/Turpeinen/Brandt 2010). 

In addition to these web applications there exists different internet portals and blogs regarding Green IT 
in general, that also go into topics of a Green Web and Sustainable Internet, e.g. the Green Computing 
Portal (http://www.greencomputingportal.de/), the Green IT Blog (http://www.greenitblog.com/) or the 
Green Code Lab (http://www.greencodelab.fr). 

Apart from the described initiatives and information portals more and more providers offer "green web-
hosting", means the servers the web space is hosted on are operated with renewable energies. The dimen-
sions of the eco friendliness or even the sustainability initiatives differ: some of the providers try to im-
plement green actions in the whole company, including e.g. eco-power in premises and data centers, pa-
perless offices and bio-products. On the other side there are vendors that fall within the scope of green 
washing. 

2.2 Add-ons 

Since one step to foster SD is to use green power from renewable energy sources, especially the web users 
themselves should support green providers. To not meander in the maze of offers and instead encourage 
more transparency, some Add-ons were developed. Without these browser extensions it is just possible to 
get information about green websites if the website itself makes this information available. One of these 
Add-ons is the so called Green Power Indicator (for more details see below). 

The Green Web Foundation built an Add-on ("The Green Web") that shows if a site is green hosted or 
not and display the name of the provider. Additional to providers hosting with eco-power, the initiative of-
fers possibilities to compensate their web servers environmental impact by investing in renewable energy 
projects or tree planting. On the Cleanbits website one can look up if a website is hosted green or get to 
know if the site compensates CO2. (http://www.cleanbits.net ) 

Greenfox is aimed at the measurement of the CPU consumption of the Firefox process. The measure-
ment interval is set by the user. Since the process consumption is measured in milliseconds this unit is also 
used in this Add-on. The intention of Greenfox it to have the possibility to compare the CPU usage of two 
different websites, compare the CPU usage of two versions of a website and convert the temporal con-
sumption (given in ms) in energetic consumption (given in kWh) through a integrated energetic model, or 
by initially measuring the idle consumption (Le Quéméner 2012). 

2.3 Labels 

"To be green" seems to be a trend in all the different industrial sectors. Therefore it does not surprise 
that those who believe themselves to be green wants to show this to everyone else. A few possibilities to 
do so are by references, notes, articles, postings or even labels on the company's website. Out of the pers-
pective of an end user, it is nearly impossible to see through all these labels. The avoidable transparency 
for the web user is not given anymore and he/she does not even know what he can rely on. 
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Regarding the "Green Web" there exist a huge number of variations of labels: 

 labels of energy suppliers intending to proof their quality of energy,  

 labels of Internet providers praising their "green" webhosting, 

 labels of website developers showing the green status of their website, 

 labels of green web initiatives demonstrating that one contributes in any project to green the web. 

2.4 Research Results 

Gupta et al. (2003) have a look into technical possibilities to “green” the internet. The proposal is to 
change the current protocol specifications in a way that network interfaces and other components are put 
into sleep mode in a more aggressive way. The position paper gives no results but suggestions for core 
networking research. They argue that energy can be conserved by careful engineering and the Internet 
would be more energy efficient in that way. 

Against the background, that the Internet is provided by data centers, Greenpeace (Cook/Van Horn 
2011) has a look onto the energy choices made by companies like Amazon, Google and Facebook. In that 
context, data centers are seen as the factories of the 21st century. The report is one step to get more trans-
parency on the energy carbon footprint of the Internet infrastructure of these big players and emphasizes 
that "to be green" does not only mean "to be more efficient". It includes an analysis of the infrastructure, 
best practices and leading footprint mitigation strategies and gives some key recommendation for "a sector 
that wishes to be seen as green and informative" (Cook/Van Horn 2011).  

Gombiner (2011) tries to answer the question where the Internet generates GHG emissions and goes in 
the global requirements to use the www. He divides the GHG-emitting energy into manufacturing as well 
as transporting the Internet’s hardware and the operating of data centers, including powering and cooling. 
Indeed he misses the facts and details about the energy and resource consumption induced by using the in-
ternet and just marks energy using parts of the Internet infrastructure, e.g. by mentioning the discussion 
about the carbon footprint of a search on Google. 

Additionally to these obvious energy consumption through devices and data centers (mainly regarding 
the hardware side), Simons et al. (2010) point out the "hidden energy cost of web advertising". Based on 
the thesis that displaying web advertisement with elaborate animations and graphics needs additional 
energy they measured the difference in PC power consumption while browsing with ads enabled and 
while browsing with ads being blocked. The introduced additional energy consumption differs between 
the different browsers and is about 2.5W, means web advertisements increase the total energy consump-
tion of PCs by 3.4% (Simons/Pras 2010). 

In a more generalized way, the different stakeholders who are primarily faced of sustainability issues 
within a website life cycle are addressed in (Dick/Naumann/Held 2010). The stakeholders are separated by 
their principle concerns into conceptual roles: software developer, web designer, administrator, web au-
thor, and user. Dick et al. (2010) give different suggestions how to reduce especially the net load what 
might reduce the energy and resource consumption. Overall Green Web Engineering is defined as “the art 
of developing, designing, maintaining, administrating, and using a website in such a manner that direct 
and indirect energy consumption within the complete life cycle of a website is reduced.” 

Naumann et al. already present the prototypical Firefox extension, called "Power Indicator" where the 
Add-on "Green Power Indicator" presented in this paper is based on in (Naumann/Gresk/Schäfer 2008). 
The intention of this tool is to visualize the implications of ICT, especially the Internet, onto the environ-
ment and support more transparency for the user. Within the last years the extension has mainly been de-
veloped further in different students projects on the Environmental Campus Birkenfeld. These enhance-
ments will be described in the next paragraphs. 
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3. Our Tools and Activities 

3.1 Green Power Indicator 

The Green Power Indicator (GPI) is an Add-on for the Firefox Browser. After installing the extension an 
icon shows the power quality of a website. The information relies on a central list of eco-friendly ISPs 
(see 3.3). 

Figure 2 
The tooltip of the GPI gives more information 

The tooltip (Fehler! Verweisquelle konnte nicht gefunden werden.) gives more information about the 
provider of the website which is currently loaded, e.g. the user is informed about the electricity source of 
the provider and is directly linked to the providers website to get more details. The specific feature of our 
Add-on is the classification of the providers into three different quality classes (see 3.3). 

3.1.1 Technical Aspects 

As mentioned the GPI is developed as a Mozilla Firefox extension. We used the markup language XUL 
(XML User Interface Language) to describe the user interface and JavaScript for the needed scripts. For 
comfortable development we used Eclipse as development environment. With the right settings we are 
able to automatically compile and integrate the Add-on to Firefox for testing and debugging. 

Using XUL we created various windows (options, help) and the dropdown menu to control the Add-on. 
To implement the functionality, such as controlling the cache, we used JavaScript. Because of the conti-
nuous development of new Firefox versions we updated our Add-on regularly, based on new rules of the 
Mozilla Development Hub. 

The overall architecture contains more than just the extension: Besides the extension itself, the Eco ISPs 
list is required to assign the providers to the quality classes. This list as well as information about the GPI 
are linked within the tool. The provider data is stored in a database, that needs to be requested to inform 
the web user. Additionally the database contains statistical data about the number of requests of green vs. 
not-green websites. 

The database, we use in the backend is a PostgreSQL-Database where the information about the provid-
er and the hosts are stored. Our team maintains this database but we also get additional data from the 
community, we offer a form on our website for. The application server is Zope-based and uses Plone as 
content management system. For the programming we used the object orientated language Python (Nau-
mann/Gresk/Schäfer 2008). 

In detail the Add-on catches the domain of the website the user is surfing on and sends this domain to 
our server. The server transfers the host to the specific IP address and queries the database. Depending on 
the result the energy type and further information such as the internet provider and the electricity provider 
are sent back to the user and are displayed by our Add-on. If there is no data for this website the tooltip 
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changes and the user is able to click on a link to get to our form to inform us about the particular provider 
so that we can update our database. 

3.1.2 Characteristics 

The GPI relies on our central list of eco-friendly ISPs. Exclusively the connection data and the called do-
main (with top level domain) are delivered in an encrypted way. 

To reduce data transfer, the green energy data of already visited sites is stored locally. So, the GPI is al-
so resource-efficient because the traffic is kept minimal. The local cache of the tool can be viewed in the 
settings menu and can be deleted by the user. 

Furthermore the following settings can be made in the menu that appears by clicking on the arrow icon 
within the Add-on symbol: Enable/disable the Green Power Indicator, Enable/disable the cache function, 
Update the displayed information, set the length of the deletion period, query/block encrypted connec-
tions. The tool can be downloaded for free on the Mozilla Add-ons website. In that way every internet user 
who is interested in can install the extension and contribute in the development of the Green Web. 

3.1.3 Statistics 

We uploaded the GPI to the Mozilla Add-on collection in the end of the year 2010. Since the extension is 
available on this platform it counts about 2000 downloads and 82 average daily users. Fehler! Verweis-
quelle konnte nicht gefunden werden.3 shows the statistics of downloads (red) and daily users (blue) 

within the last three months. 

Figure 3 
Downloads and daily user of the GPI (01.04.-01.07.2012) 

3.2 Green Links 

Since it seems to be inconsequent to have to call a website to get to know its green status we developed 
another Add-on that tags external links on a website (Fehler! Verweisquelle konnte nicht gefunden 
werden.4). Therewith the user can do an informed decisions what website to choose because Green Links 
displays whether the called site is hosted on a green server already before you click on the link. In that 
way the user might choose a ”green website”.  
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After the Add-on is installed an icon next to an external link shows the power quality of a website. Just 
like the Green Power Indicator this Add-on also relies on our central list of eco ISPs. 

3.3 Eco ISPs Lists 

Our list of Eco ISPs is developed together with our partner ecologee.net. On the basis of criteria developed 
with the support of the BUND Rhineland-Palatinate (German Branch of Friends of the Earth), the ISPs are 
divided into three quality classes, which describe three types of green electricity. 

Figure 4 
Green Links shows the power quality of a website 

In general, the transparency of the providers must be given and the provider needs to inform their cus-
tomers about their products to be accepted for the list. 

 Green Energy Type A: The energy is offered by specialized green power providers, who concen-
trate on renewable energy. The provider subsidizes renewable power plants, which fulfill ecolog-
ical standards. 

 Green Energy Type B: The provider of this kind of energy should also support the extensions of 
renewable power plants. In contrast to Type A it can be a conventional energy supplier who also 
has an eco-power rate. The acquisition of renewable energy instead of in-house production is ac-
cepted. 

 Green Energy Type C: Providers only give the information that they offer eco-power without 
any background information. If this declaration is verifiable (e.g. a hint on the providers web-
site), the Green Power Indicator shows the Green Energy Type C icon. Holders of certificates 
like RECS (Renewable Energy Certificates) are also going into this group of energy types since 
this system does not make demands on rather the equipment nor environmental aspects. 

Currently, the Eco ISPs List contains about 170 providers. By offering a form on our website we invite 
the different stakeholders to contribute in our activities and keep the list up-to-date:  

 general web users to register a website or add a reference website, 

 internet providers to update their contact details, energy supplier, IP blocks, eco-power quality or 
in order to ask to get on the list, 

 and electricity providers to change their energy rates, update their contact details or register a 
(new) certificate of their energy quality. 

4. Background 

The Green Power Indicator was developed at the Environmental Campus Birkenfeld, which is a branch of 
the University of Applied Sciences Trier, Germany. Since 1996 students are taught in the faculties of En-
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vironmental Planning/Environmental Technology and Environmental Business and Econom-
ics/Environmental Law. Computer Science is assigned to the first faculty and divided into an “Applied 
Computer Sciences” and a “Media Computer Science” major. 

Besides teaching, the Environmental Campus hosts multiple research projects. One of them is the 
“Green Software Engineering (GREENSOFT)” project. Its aim includes development of tools and compo-
nents which support software developers and users developing and using sustainable software. The idea of 
the Green Power Indicator origins from the work in this project. 

4.1 Students Projects 

During a regular bachelor’s degree a student at the Environmental Campus has to work on at least two 
practical projects on his/her own choice. The duration of such a project is usually one semester (180hrs). 

The Green Power Indicator project exceeded this period easily. Multiple teams had to work on it before 
coming to a reliable and easy-to-use application. Each team had different views on this project and differ-
ent ways to implement functionality. Because of the self-management of the project teams multiple ver-
sions of the Green Power Indicator had been developed. Every version extended/changed the previous one 
tremendously. 

However, the current version provides most functionality of the developing students, but an extremely 
simple user interface. 

4.2 Project Management Tools 

Because of these heterogeneous student teams it was essential to provide a reliable development infra-
structure. We decided to use a SVN–Repository together with Codebeamer (later Redmine) which stored 
all source files. The advantage of the repository was to provide code for every developer, whereas the Co-
debeamer as well as Redmine wrapped it up with additional functionality. It allows us to control bugs and 
assign tasks to specific topics and developers. Each check-in to the repository had to define a task or bug, 
so each version of the code represents a step towards the tool we present in this paper. 

In the university atmosphere we work in, developers come and go. These tools and platforms made it 
much easier to develop with changing project teams. The tasks and bugs defined once kept tracked until 
anyone was able to get rid of it. This improved the whole process a lot. 

4.3 Programming Environment 

The main tool we used for development is Eclipse. It is an open Integrated Development Environment in-
cluding direct support for JavaScript and XUL (basically XML) development. 

Another feature of the Eclipse IDE is the built-in support for Apache ANT. ANT is XML-based script-
ing language, designed to build whole project, include/exclude files, compile, create archives, etc. We de-
signed such a script to build the Add-on (which in fact is an archive ending on .xpi), installing it and start 
the browser.  
The access to the SVN-Repository was done inside Eclipse, too. After installing and configuring the con-
nector, check-in, check-out and merge (if necessary) operations could be performed easily. 

In cases where Eclipse was to oversized, Notepad++ (a small text editor with code completion and text 
highlighting) worked as well as TortoiseSVN to access the repository. 
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5. Conclusion and Outlook 

5.1 Problems 

Regarding the eco ISPs lists, the GPI is based on, the main problem is to get reliable data. Similar to the 
amount of different Green Labels, every provider gives different information about his sustainability and 
eco friendliness. Further, the IT sector is characterized by rapid developing. So far, our extension did not 
reach the status that we would been informed by providers about changes regarding the energy quality and 
supplier. 

Besides that the classification is currently done by our team and relies on their evaluation of the provid-
ers information and impression. Although there are criteria for the different quality classes some points 
still need to be discussed and the external feedback is required. 

5.2 Potentials 

The potential of the Green Power Indicator is clear; it allows everyone to take a look behind the web page 
itself. It demonstrates that the page is not just there for nothing, but needs a lot of energy. Further it makes 
the kind of energy used for the current webserver visible. This knowledge, widely spread, is a keystone in 
sustainable thinking and can lead to social rethinking about energy consumption of the World Wide Web. 
Therefore it is essential that the development of the Green Power Indicator goes on, not just for the Mozil-
la Firefox; a support for all modern browsers should be given. 

On the other hand the servers we use currently could be improved, too. The request of the single user 
could be processed much faster, which would lead to a simpler usage and higher acceptance of the tool. 
Under the surface the stream could be encrypted using https, which would improve security and could in-
crease confidence in the system. 

5.3 Conclusion 

The presented tool is one of the different activities to support the movement to a greener Web. This 
movement is just in the beginning but seems to move forward with an increasing rate like more and more 
activities, tools, and initiatives illustrate. Overall we come to the conclusion that the transparency of the 
Green Web needs to be increased since the contribution of the different stakeholders of the Internet is im-
portant for the sustainable development of ICT. Just caused by more information and publicity the user it-
self might push the Green Web, e.g. by the demand of data centers which utilize “classic” Green IT and 
renewable energies. 

5.4 Further Ideas / Next Steps 

To keep the Green Power Indicator as well as the database in the backend up-to-date, the establishment of 
a community around the tool will be essential. This community should carry on development of the tool, 
which includes software development, support for ISPs and maintenance of the server. 

Another idea is to develop a label for Green Websites which might gain the status of an international 
reference and react the confusion of the existing amount of labels. 
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