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Abstract 

The power consumption of Information and Communication Technology (ICT) is still increasing. In order to handle 
this problem, we can hereby distinguish between two directions: Green IT and Green by IT. Green IT means, how 
ICT itself can be more energy efficient. Green by IT means how we can improve energy efficiency in other fields 
with the help of ICT. In our paper we describe an approach regarding Green IT: How software and especially web-
sites can be improved on the server side regarding their energy consumption. For example, caching and compression 
technologies, as well as decreased sizes of pictures can significantly reduce the network traffic. Here we give some 
suggestions and we present concrete measurement results, which show the differences in the induced energy con-
sumption. 

1. Introduction 
In almost every branch of industry, the awareness for the necessity of Sustainable Development to consol-
idate mankind’s future grows. The potential of ICTs regarding Sustainable Development is expressed in 
concepts of Green IT (environmentally sustainable in ICT itself) and Green by IT (environmentally sus-
tainable by using ICT in order to gain higher energy and resource savings in its application areas). How-
ever, Green IT efforts still mainly focus on hardware, even though software plays a significant role regard-
ing energy efficient ICT. 

The Internet was not associated with negative impacts on the environment for a long time 
(Türk/Ritthoff/v. Geibler 2002). Up to now the industry, scientific research, and rudimentary the users it-
self are aware of the environmental effects of this field of ICT. There are different activities to support the 
development of a “Green Web”, e.g. the CO2-Stats-Project4, Ecosia5, the Green Power Indicator6, or a 
growing amount of ISPs who offer renewable energy powered web hosting services. 

In this paper we examine if common techniques that reduce resource consumption of websites and web 
applications do also reduce the energy consumption of the computers serving the websites. Afterwards we 
identify some criteria that should be fulfilled by resource and energy conserving web applications or web 
content management systems (WCMS). 

Our contribution fits into the GREENSOFT Model (Naumann/Dick/Kern 2011) since Green Web Engi-
neering is among Green and Sustainable Software Engineering and can be classified into the research field 
"Sustainability Informatics" (Naumann 2008). However, it is clear that energy consumption, which is in-
duced by web applications running on web servers, is only one small aspect of sustainable software. 
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2. Related Work 
The energy consumption of the Internet has continued growing and accounts for 1.4 to 2% of world 
greenhouse gas (Malmodin/Moberg/Lundén 2010). Against this backdrop Gombiner (2011) has a closer 
look on the carbon footprint of the Internet. Within that he finds approaches to an explanation how the In-
ternet is responsible for greenhouse gas emissions. He divided the GHG-emitting energy into manufactur-
ing as well as transporting the Internet’s hardware and operating the data centers. Indeed he misses the en-
ergy and resource consumption induced by using the Internet. 

Concerning resource conservation, i.e. network traffic, many useful guidelines exist that try to increase 
the efficiency of websites. In his book of website optimization King (2008) goes also into techniques to 
optimize a site’s total effectiveness. While he gives a general view of different optimization methods, Not-
tingham (2010) and Theurer (2007) focus on web caches. The two main reasons for using caches are re-
ducing latency and reducing network traffic (Nottingham 2010). Regarding green websites reducing the 
network traffic might decrease the induced energy and resource consumption. 

Unfortunately, these publications and also some more approaches (e.g. Google Project Hosting) often 
focus on rendering speed and network bandwidth, but hardly on CPU consumption or even energy effi-
ciency. In our earlier research, we compiled 12 principles for Green Web Engineering 
(Dick/Naumann/Held 2010), but did not provide any experimental results regarding resource or energy 
conservation on a real life web information system. 

In the context of Green Web Engineering, Ciman et al. (2012) focus on the efficient use of WCMS, and 
propose an approach of a Green Content Management System (GCMS). The GCMS preserves CPU pro-
cess time and the use of network bandwidth and was successfully tested in a case study of a university. 

3. Green Web Engineering 
In Dick et al. (2010, 49) we defined Green Web Engineering as “the art of developing, designing, main-
taining, 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.”  

The following suggestions are derived from the 12 Principles for Green Web Engineering, but with a 
strict focus on software development, web design, configuration, and content creation. Thus we left out 
aspects like procurement of server hardware, electric power from renewable energy, or server virtualiza-
tion. 

3.1 Configure HTTP Caching Support for Static Content 
Web servers should support the users’ web browsers in caching static content for longer terms. In such a 
configuration, the web server automatically embeds caching meta data into HTTP responses, which is ex-
pected to decrease the amount of HTTP requests and payload. The caching capabilities of HTTP are de-
signed to reduce the necessity to send requests to servers and to send full responses back to clients. The 
first approach reduces the amount of requests by informing browsers after which time a resource is ex-
pected to be stale. The latter approach reduces the amount of payload by transmitting a validation token to 
the browser, which the browser in turn sends in subsequent requests back to the server. The server uses the 
received token to decide if the browser’s cached resource is still up to date or if it needs to be refreshed. If 
it needs to be refreshed, the server sends the full response back to the client, otherwise it responds with a 
HTTP status code 304 “not modified” (RFC 2616). 
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3.2 Configure HTTP Compression Support for Static Content 
With HTTP compression, a web server sends responses back to web browsers as compressed data streams. 
Depending on the content encoding that is supported by the requesting web browser, the server may com-
press its response with GZIP or DEFLATE (RFC 2616). On the one hand, compression reduces the pay-
load and transmission time of responses, but on the other hand compressing content on the fly consumes 
additional processing time which is expected to result in higher power consumption. This drawback can be 
avoided in particular if static files are stored in an uncompressed version and in a compressed version. 
With a proper server configuration it is possible to deliver the compressed file in a manner that is com-
pletely transparent for the browser. However, files that are already compressed, like image files (e.g. PNG, 
GIF, JPEG) or PDFs, should not be compressed again, because this can even be counterproductive. 

3.3 Implement Application Level Caches 
Application level caches are intermediate stores for data that is retrieved from subsystems which are ex-
pensive to access. Considering a WCMS, it is expensive to retrieve the requested resource out of the data-
base, which usually involves more than one database request, and to generate the HTML output, which is 
often produced by several sub modules. Therefore it is advisable to store the generated output in a cache 
so that there is no need to generate it again and again for incoming requests, if there were no changes to 
the underlying data. This saves CPU time and as a result of this shortens response time. Lesser CPU time 
results in lower energy consumption or increases energy efficiency (Dick/Kern/Drangmeister 2011). 

3.4 Implement HTTP Compression for Dynamic Content 
With HTTP compression for dynamically generated content, the web application itself is responsible to 
implement the proper functionality. In order to get compression to work, it is necessary to check if the re-
questing browser announces to support compression. If so, the response may be compressed with the algo-
rithm announced by the browser. Here it is necessary to consider which compression strength has the best 
transmission volume to processing ratio in order to choose the most energy efficient one. 
 

 

3.5 Optimize Graphical Elements, Logos, and Photographs 
Graphical elements or logos should be encoded in PNG format instead of JPEG, because PNG’s lossless 
compression algorithm performs better for flat-color images. One should also consider changing the colors 
from RGB full colors to an optimized indexed palette. Furthermore, any text in logos should be removed 
and realized by the means of CSS and HTML, because text distorts single colored areas, and thus leads to 
a higher file size (see Figure 1). 

Figure 1 
Comparison: PNG graphic in RGB colors (13.3 KiB) with text vs. graphic with 10 color indexed palette 

(0.99 KiB), text is put to the foreground with means of HTML and CSS 
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Photographs should instead be stored in JPEG format. Due to the noise in real-life photographs, these 
cannot be compressed very well with PNGs compression algorithm. Hence, the lossy compression of 
JPEG, which works good for color gradients but not for fine grained and noisy structures, is well qualified 
for photographs and advertisement images. This basic knowledge can be used to reduce the file size of 
JPEGs, e.g. by blurring areas of an image that do not carry important information (see Figure 2). 

4. Measurements 
In this paper we try to check whether techniques that reduce resource consumption of websites and web 
applications do also reduce energy consumption of servers or not and if they do, to which extent they re-
duce energy consumption. For this, we selected some of our principles for Green Web Engineering and we 
set up a website in a WCMS for the corresponding measurements. The measurement method was intro-
duced and discussed in detail in Dick et al. (2011). 

Measurement Method 
The applied measurement method (Dick/Kern/Drangmeister 2011) is based on ISO 14756, which defines a 
method for the measurement and rating of performance and runtime efficiency of information systems. 
The standard's method was modified by connecting a power meter to the system under test (SUT) and by 
leaving the calculation of the runtime efficiency and performance metrics as optional. The test rig com-
prises the SUT, the power meter, the workload generator (WG), and the data aggregation and evaluation 
unit (DAE). The latter collects the measured energy data from the power meter, CPU performance data 
from the SUT, and log data about the generated workload from the workload generator. The workload log 
is used by the DAE to validate the generated workloads, which ensures that workloads from different 
measurement runs are comparable. A workload is defined as one or more workflows consisting of several 
ordered tasks. Workflows are executed in parallel by a defined amount of users of a specific user type. 
Each task consists of an action and a preceding user type specific “think time” (aka preparation time). The 
preparation time is defined by average and standard deviation. A user type executes workloads with a de-
fined relative frequency. The validation checks that these statistical parameters do not exceed a given 
maximum acceptable relative difference. If the validation does not fail, the mean energy consumption of 
several test runs of two competing software applications or even configurations of an application can be 
evaluated. The evaluation is done by applying a statistical hypothesis test to examine if the mean energy 
consumption of the two systems can be assumed to be different or to be the same 
(Dick/Kern/Drangmeister 2011). 

Figure 2 
Comparison: JPEG image with 85% quality (51.5 KiB) vs. optimized image (65% quality, blurred back-

ground, 18.9 KiB), text is put to the foreground with means of HTML and CSS 
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5. Setup of the Measurement Environment 
The testing website was designed with two aspects in mind: first, it should use a modern WCMS; second, 
it should be close to a typical website containing articles consisting of a mixture of human readable text 
(i.e. not "lore ipsum") and images. We chose to use the WCMS Joomla! 1.7 (Apache httpd 2.2.14, PHP 
5.3.2, MySQL 5.1). For the articles, we used text passages from publicly available EU legal documents, 
self-taken photographs, and graphics (e.g. banners or schematic drawings) from our R&D project’s web-
site. Instead of setting up and maintaining two different versions of the WCMS (an optimized one and one 
that is not optimized), we put both content into the same installation. Thus, the navigation area of the web-
site shows the following entries: 
1. A menu with links to ten articles without optimized images 
2. A menu with links to ten articles (the same text as the articles above), with optimized images 
3. A link to a list of 100 generic articles, which is only used to simulate paging with a page limit of ten 

links to articles per page. 
The articles of no. 1 were created without thinking about optimization: the graphics were plain pictures in 
PNG format (containing also text) and the photographs were in JPEG format stored with highest quality, 
but compared to the raw photographs reduced in resolution and size to be suitable for websites. In opposi-
tion to this, the images in the articles of no. 2 were optimized by erasing any text from PNG images and 
putting it in front of the image as real text with the means of HTML and CSS, and by applying Gaussian 
blur filters to JPEG images (exempt from the important parts of the photograph) as well as reducing the 
JPEG quality down to 75%. In order to apply further optimizations, we just switched the configuration 
files of the web server (server level caching and compression for static content) and of the WCMS (appli-
cation level caching and compression of dynamic content). 

The workload applied to the two different content areas was generated with Apache JMeter by using 
two slightly different test plans reflecting the usage of content with optimized or unoptimized images. The 
basis for the workload was an analysis of the access log files of the websites of our university, research in-
stitute, and R&D project. It revealed that approx. 70% of the visitors access only one page, 15% access 
three pages, 10% access five pages, and 5% access twelve pages, before they leave the website. Out of 
this, we compiled a workload with one user type that executes four workflows with according relative fre-
quencies. Each workflow starts with accessing the homepage and then branching to subpages, e.g. the 
menu page, the pager, or the article pages. The paging capabilities are only used in the 5%/twelve pages 
workflow, where the user first views the first page and then moves to the second page. 

Each website configuration was tested with different workload levels, which were realized by a differ-
ent amount of simultaneous users. A load that generates approx. 10% CPU load was reached with 20 us-
ers, 30% CPU load with 50 users, and 50% CPU load with 72 users. We conducted two 40 minutes lasting 
measurement experiments for each SUT. Typically, a measurement experiment begins with a set up phase 
that starts the threads of the WG. It is followed by the stabilization phase (5 minutes), which ensures that 
the workload generation is stable. The observation period (30 minutes) is the period used for the ratings. 
Then the supplementary phase (3 minutes) ensures that the workload does not break down at the end of the 
observation period. After the supplementary run, all threads of the WG are shut down (2 minutes). Each 
observation period was split to three time series of 10 minutes. The resulting six observation periods per 
SUT were used for the hypothesis tests. The generated workloads were validated with maximum accepta-
ble relative differences of 5% for workflow frequencies and 5% for mean preparation times with 20% 
standard deviation. 

The machine used for the SUT was a Supermicro Server (P4BP8-G2) with two Intel Xeon dual core 
CPUs (@2.4 GHz, 4 GiB RAM, 40 GB HDD) running Ubuntu GNU/Linux Server (SMP 10.04 LTS, Ker-
nel 2.6.32-32-generic-pae). 
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Results 
Each experiment adds improvements and can be compared with one of its predecessors or the reference 
system (no. 1). 
1. Website without any improvements 
2. Website with application level cache 
3. Website with application level cache and optimized images 
4. Website with application level cache, optimized images, and HTTP compression 
 

Table 1 
Comparison of the energy consumption on different load levels (scenario no. 4) 

Scenario Load level Energy (AVG) CPU Performance (AVG) 
Joomla with application level cache, 
optimized images and GZIP/Deflate 
compression 

10% 28.396 Wh 
Std. dev.: 0.050 Wh 

13.3 % 

30% 33.777 Wh 
Std. dev.: 0.074 Wh 

40.9 % 

50% 37.573 Wh 
Std. dev.: 0.050 Wh 

69.6% 

Table 1 shows the energy consumption on different load levels for the fourth scenario. The energy con-
sumption increases with the load level: the more user are simulated, the more energy is consumed. 

Table 2  
Comparison of the energy consumption of the different scenarios 

No. Scenario Load 
level 

Energy (AVG) Load 
level 

Energy (AVG) Load 
level 

Energy (AVG) 

1. Joomla without any im-
provements 

50% 39.250 Wh 
Std. dev.: 0.200 Wh 

30% 35.286 Wh 
Std. dev.: 0.150 Wh 

10% 29.015 Wh 
Std. dev.: 0.069 Wh 

2. Joomla with application 
level cache 

50% 37.616 Wh 
Std. dev.: 0.071 Wh 

30% 33.818 Wh 
Std. dev.: 0.119 Wh 

10% 28.396 Wh 
Std. dev.: 0.058 Wh 

3. Joomla with application 
level cache, and optimized 
images 

50% 37.727 Wh 
Std. dev.: 0.067 Wh 

30% 33.905 Wh 
Std. dev.: 0.022 Wh 

10% 28.495 Wh 
Std. dev.: 0.055 Wh 

4. Joomla with application 
level cache, optimized 
images and compression 

50% 37.573 Wh 
Std. dev.: 0.065 Wh 

30% 33.777 Wh 
Std. dev.: 0.074 Wh 

10% 28.376 Wh 
Std. dev.: 0.050 Wh 

Exemplary, the evaluation of the measured power data of the four sections on a 50% load level described 
above (Table 2) can be interpreted as follows:  
1. On average, Joomla! CMS supporting application level caching consumes less energy (N = 6, 

mean = 37.616 Wh, standard deviation = 0.071 Wh) than Joomla! CMS without any improvements 
(N = 6, mean = 39.250 Wh, standard deviation = 0.200 Wh). This difference was significant with 
p < 0.01 (equal variances assumed). 

2. On average, Joomla! CMS supporting application level caching and optimized images consumes less 
energy (N = 6, mean = 37.727 Wh, standard deviation = 0.067 Wh) than Joomla! CMS without any 
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improvements (N = 6, mean = 39.250 Wh, standard deviation = 0.200 Wh). This difference was signif-
icant with p < 0.01 (equal variances assumed). 

3. On average, Joomla! CMS supporting application level caching, optimized images and HTTP compres-
sion consumes less energy (N = 2, mean = 37.573 Wh, standard deviation = 0.050 Wh) than Joomla! 
CMS without any improvements (N = 6, mean = 39.250 Wh, standard deviation = 0.200 Wh). This dif-
ference was significant with p < 0.01 (equal variances assumed). 

Comparing the reference system and scenario 4, the resume is that common techniques reducing re-
source consumption of websites and web applications do also reduce the energy consumption of the com-
puters serving the websites. In comparison with the reference system, the fourth scenario presented above 
saves approx. 4.23% of electrical energy. This may be further increased by additional suggestions for 
software developers, web designers, and web authors (see Dick/Naumann/Held 2010). 

6. Findings 
Criteria for Green Web Content Management Systems and Web Applications: 

• WCMS and webapps should provide application level caches so that there is no need to query the 
database for each request (data that is often requested should be hold in the cache, whereas there is 
no need to cache data that is seldom requested) 

• WCMS and webapps should support compression for static text based or already uncompressed 
content. Static content should be compressed in advance so that the stream is not compressed for 
each request (which consumes CPU time and energy) 

• WCMS and webapps should support compression of dynamically generated responses 
• Even if not checked in this paper, WCMS and webapps should support browser caches to prevent 

repetitive downloads of an unaltered resource in subsequent requests 
• WCMS and webapp development tools should provide tips and hints for authors, administrators, 

and developers on how to improve resource consumption of images, accessibility of images for im-
paired people, or on update strategies 

7. Conclusion and Outlook 
In our paper we summarized suggestions to reduce the net load of websites that might also be techniques 
for a Green Web Engineering. In order to find out if so, we set up different scenarios of a website using 
the WCMS Joomla! and measured the energy consumption induced by the server. The results show the in-
fluence of application level caching, optimized images and compression on the energy consumption. 
Therefore, we recommend the implementation of Green Web Engineering regarding the great amount of 
web servers consuming energy. Overall it might be possible to save significant amounts of resources and 
energy in that way. Hence, we gave some criteria that should be fulfilled by “green” web applications. 
Contrary to expectations, the CMS supporting optimized images consumes more energy than the CMS 
without optimized images. Therefore, especially regarding that point more research is required. 

Our next steps are to pursue to check the web techniques out for their potential to save energy and re-
sources. There are still some suggestions left that should be mapped to a specific measurement setup. Fur-
ther evaluations have to be done to find out what these possibilities mean, e.g. for cloud strategies or web 
providers who sell web space on centrally provisioned WCMS and thus host hundreds or thousands of 
websites on one server. 
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