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Abstract. Carbon emission of IT is an issue. ICT energy consumption is ex-
pected to grow by 73% (instead of the originally targeted 26%) until 2020, and 
the service sector alone counts for 70% of the European economy. Energy con-
sumption is a combination of what we use, and how we use it. Most green ini-
tiatives look at what types of devices do consume energy, and try to optimize 
their up-time as such. Few initiatives, though, measure how do software sys-
tems actually use these devices, with the goal of optimizing consumption of de-
vices and computing resources. Basic research is needed to address this soft-
ware optimization problem. The proposed approach is to make visible the envi-
ronmental impact of software services by measuring it. In this way, we will be-
come aware of the amount of energy needed by our software, and hence learn 
how to target software optimization where it is mostly needed. As a first step in 
this direction, in this paper we define three main problem areas to realize green 
service-based applications, and propose a service-oriented approach to address 
them. Thanks to that we can bring clarity in what entails managing and devel-
oping green software according to environmental strategies.  

Keywords: energy-efficient software, green IT, service orientation, green met-
rics, sustainability. 

1   Introduction 

In the last decade, Service Oriented Software Engineering (SOSE) and Service-
Oriented Computing have emerged as a major software development discipline re-
sembling (if not outbalancing) what object orientation meant for the IT market of the 
eighties. Service Oriented Architecture (SOA) captures a logical way of providing 
software services both within an enterprise, and across organizational and national 
boundaries to either end-user applications or other services distributed on a network 
[3]. A well-constructed SOA can empower a business or social environment with a 
flexible infrastructure and processing environment by providing independent, reusable 
automated business processes (as services), and a robust foundation for leveraging 
these services [2, 6]. 

Due to its fast application in all aspects of our society, SOSE should address envi-
ronmental issues promptly: in this period of acceptation and learning, we should think 
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about how to sensitize people to the adoption of an ecological approach to the con-
struction, deployment and use of service-based applications (SBAs). Unfortunately, 
service-oriented software is often developed assuming availability of unlimited re-
sources: 24x7 service availability, unlimited use of computing power, hardware, net-
work and printing resources (all demanding energy and causing carbon emission). 
The increase in the network traffic and in the number of electronic data centers is 
having a huge impact on the environment (an average data center is consuming the 
same amount of energy as about 25,000 households [9]). According to recent Gartner 
estimates1, ICT industry accounts for approximately 2 percent of global carbon diox-
ide (CO2) emissions, a figure equivalent to aviation. Almost 90% of young Ameri-
cans are “always connected”. This also impacts energy consumption, e.g., in the 
Netherlands, total electricity consumption increased between 2006 and 2008 by 12%. 
Without focused environmental strategies, ICT related energy consumption is ex-
pected to grow by 73% until 2020 (instead of the targeted 26%).  

IT systems and data centers are migrating towards a service-oriented approach in 
which the available computing resources are shared by several types of users and 
organizations. In such systems, the software is accessed as-a-service and computa-
tional capacity is offered on demand to customers who share a pool of IT resources 
in-the-cloud [5]. The software as-a-service (SaaS) model provides significant econo-
mies of scale, affecting the energy efficiency of data centers [1]. 

Environmental strategies are already a reality in non-IT domains. For instance, 
Sweden recently introduced on many supermarket products an indication of the CO2 
emission related to their production process [8], to change alimentary habits toward 
more environmental friendly products, similar to what already happens for choosing 
cars and house-hold equipment. As another example in the more traditional hard-
ware/embedded software domain, some companies already commercialize devices 
that are plugged in the electricity socket and allow users to monitor and gain detailed 
understanding of their energy consumption.  

Adoption is much more difficult in intangible domains like software industry for at 
least two reasons. First, it is a challenge to increase process awareness, i.e. convince 
decision makers of the urgency of adopting ecological strategies in the processes of 
managing their IT portfolios and bring IT practitioners to adopt innovative ecological 
models in the way they engineer SBAs, i.e. in the development process. Second, we 
urgently need to change the way users exploit SaaS, by making them realize their en-
ergy consumption and suggest alternative consumption models. I.e. we need to create 
people awareness. Third, it is difficult to make explicit how SBAs should be engi-
neered to become “greener”, i.e. to define and implement how ecological strategies can 
be adopted by service-oriented software (service awareness). Awareness can be in-
creased with a SaaS model, by offering “green metrics” to measure the level of green-
ness of software services, and incorporate in SBAs ready-to-use “feedback services”, 
i.e. services that give feedback on the carbon footprint of SBAs and of their end-users. 

In this paper we describe how service-oriented software can positively influence 
the software impact on the environment, i.e. we introduce the concept of green prob-
lem areas, defined as green issue categories that have to be resolved to achieve energy 
efficient software services and SBAs. 

                                                           
1 Source: www.gartner.com/it/page.jsp?id=503867 [15 September 2010]. 
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As a result of literature scan and discussions with both researchers and practitio-
ners in the field, we have distilled three green problem areas (further discussed in 
Section 2): the direct environmental impact of executing software services (service 
awareness); the indirect environmental impact of their development process (process 
awareness); and the use of services to monitor and measure the two above, so to cre-
ate people awareness). Thanks to this holistic overview of green problem areas in SO 
we devised an approach, called Service Greenery, to address them in a structured 
way, as presented in Section 3 and based on previous work [4]. Conclusions and di-
rections for future research conclude the paper. 

2   Green Problem Areas in Service Oriented Software Engineering 

Research efforts are needed to investigate the role of software services in making 
enterprises “greener”. To this end, business strategies decided at the enterprise level 
must be aligned with green strategies (as illustrated in Fig.  1). Only in this way eco-
logic issues are incorporated in the strategic plan of the organization and transformed 
into business opportunities. 

Green strategies can address three green problem areas, as illustrated in the Figure: 

• Create process awareness by having a more sustainable (or agile) develop-
ment process. Green strategies should influence (cf. Fig. 1) the process  
 

 

 

Fig. 1. Green Problem Areas in Service Orientation 



184 P. Lago and T. Jansen 

followed to develop software services and SBAs (i.e. software process). By 
defining suitable green (process) metrics we can measure the current level of 
greenness of the processes, and tune the related green strategies to optimize it, 
making sure to achieve the target environmental objectives of the organization. 

• Create service awareness by delivering energy-efficient software services 
and SBAs. Green strategies should influence (cf. Fig.  1) the direct impact of 
executing the software services/SBAs to render them energy-efficient and 
hence lower their own carbon footprint at runtime. To create service awareness 
green (service) metrics provide the necessary feedback to measure the direct 
environmental impact of software services and SBAs. 

• Create people awareness by putting in place software especially conceived to 
control the impact of IT and its actors on environmental issues. Green strate-
gies can be supported by (cf. Fig.  1) SBAs which are used to control some 
eco-friendly systems (e.g. SBAs controlling smart grids), to control the impact 
of individuals (e.g. SBAs regulating energy consumptions in smart homes), or 
to create awareness about some environmental issues (e.g. printing budgeting). 
In the first two cases we need to measure the process (respectively product 
runtime) impact on the environment (by use of especially conceived green 
metrics). To create people awareness, SBAs can use green metrics to realize 
the decided upon green strategies. 

In summary, results of measurements can inject a tuning process to evolve the green 
strategies of an organization, and eventually determine the adaptation of the business 
strategies. The ability to define sound green metrics for process, service and people 
awareness is essential to realize this green vision. While some work is being done in 
this respect (e.g. [1]), most metrics address the environmental impact of IT rather than 
the software/services using it [7]. We regard the definition and experimentation of 
green metrics for SOSE in the three green problem areas as an important and mostly 
unexplored research area. 

3   The Service Greenery Approach to Green SBAs 

To increase both process, service and people awareness we propose an approach to 
create what we call service greenery, i.e. a portfolio of green software services acces-
sible on the Web as-a-service. The service greenery supports the iterative, incremental 
approach to increasing sustainability, as illustrated in Fig.  2. This is centered around 
two types of services (central part in the Figure):  

• Environmental strategies as-a-service, which set out the user’s/organization's 
goals and actions for achieving a sustainable environment. Examples of ge-
neric organizational strategies are ‘achieve tighter customer relationships’ or 
‘become more standard’. Equivalent green strategies could be ‘achieve carbon 
neutral data traffic’ or ‘decrease the company’s global carbon footprint by x% 
before year y’. Such strategies will be defined in terms of the 
user’s/organization's business processes. Accordingly, users/organizations can 
use environmental strategies as instrument for lowering carbon footprint, and 
at the same time keep them aligned with the supporting IT services/SBAs. 
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• Green metrics as-a-service, which measure the actual carbon footprint of 
SBAs. In this way, the user/organization can monitor real-time the SBA envi-
ronmental impact and provide feedback to end-users and companies. This will 
increase people awareness (by leading users to opt for options consuming less 
energy) as well as service awareness (by quantifying the current carbon foot-
print). 

 

Fig. 2. Central role of the Service Greenery to redesign environmental-aware SBAs 

• The service greenery will make available environmental strategies as-a-service 
and their supporting green metrics as-a-service. It will trigger use and reuse of 
the green metrics, create incentives to tailor strategies and measures to business 
goals, hence re-populating the service greenery with new resources. The ulti-
mate goal is to make service oriented software “greener” by initiating the adop-
tion of environmental strategies offered as-a-service, continuously measuring 
the achieved level of greenness, and tune the strategies to increase it. 

4   Conclusions and Research Directions 

In this paper we introduce three problem areas that frame the issue of creating envi-
ronmental awareness in SOSE: the creation of process awareness, service awareness 
and people awareness. We also give a holistic overview of how enterprise business 
strategies and green strategies should be aligned. Green strategies influence process 
and service awareness, and the application of green metrics trigger the tuning of the 
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strategies. People awareness supports the achievement of green (and hence business) 
strategies thanks to the use of green metrics creating such awareness. 

To address the green problem areas we also proposed an approach based on the 
SaaS model. The service greenery should offer a portfolio of services to measure 
relevant factors in the SOSE process and the level of greenness of software ser-
vices/SBAs, as well as create people awareness.  

No need to say that by making the ingredients of the service greenery available as 
reusable assets we can identify innovative ways to greenify the industry IT portfolio; 
we can increase process-, service- and people awareness thanks to continuous meas-
urement & feedback; we can disseminate reusable green knowledge offered to re-
searchers and practitioners. 

While the three green problem areas could hold for any software, too, we study 
them specifically for service-oriented software, as more and more enterprises are 
migrating their software assets to SOA technologies. As future work we will study 
further the green factors belonging to each area, and their dependencies. This will 
help us in defining the relevant related green metrics. 
 
Acknowledgments. This research has been partially funded by the European Com-
munity’s Seventh Programme FP7/2007-2013 under grant agreement 215483 (S-
Cube). 

References 

1. Ferreira, A.M., Kritikos, K., Pernici, B.: Energy-Aware Design of Service-Based Applica-
tions. In: Baresi, L., Chi, C.-H., Suzuki, J. (eds.) ICSOC-ServiceWave 2009. LNCS, 
vol. 5900, pp. 99–114. Springer, Heidelberg (2009) 

2. Gu, Q., Lago, P.: Exploring Service-Oriented System Engineering Challenges: A System-
atic Literature Review. Journal of Service Oriented Computing and Applications 3, 171–188 
(2009) 

3. Lago, P.: Establishing and Managing Knowledge Sharing Networks. In: Ali Babar, M., 
Dingsoyr, T., Lago, P., van Vliet, H. (eds.) Software Architecture Knowledge Management 
- Theory and Practice, pp. 113–131. Springer, Heidelberg (2009) 

4. Lago, P., Jansen, T., Jansen, M.: The Service Greenery - Integrating Sustainability In Ser-
vice Oriented Software. In: International Workshop on Software Research and Climate 
Change (WSRCC), co-located with ICSE, 2 pages (2010) 

5. Dikaiakos, M.D., Katsaros, D., Mehra, P., Pallis, G., Vakali, A.: Cloud Computing: Distrib-
uted Internet Computing for IT and Scientific Research (Guest Editors’ Introduction). IEEE 
Internet Computing 13, 10–13 (2009) 

6. Papazoglou, M.P.: Web Services: Principles and Technology. Prentice-Hall, Englewood 
Cliffs (2007) 

7. Gude, S., Lago, P.: A Survey of Green IT – Metrics to Express Greenness in the IT Indus-
try, Technical report VU University Amsterdam (August 2010) 

8. Rosenthal, E.: To Cut Global Warming, Swedes Study Their Plates. New York Times (Oc-
tober 22, 2009) 

9. Kaplan, J.M., Forrest, W., Kindler, N.: Revolutionizing Data Center Energy Efficiency 
McKinsey & Company (August 2008) 
 


	Creating Environmental Awareness in Service Oriented Software Engineering
	Introduction
	Green Problem Areas in Service Oriented Software Engineering
	The Service Greenery Approach to Green SBAs
	Conclusions and Research Directions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




