
  Green IT (MU) 1 Table of Contents 

 

 

Chapter 1 : Introduction  1-1 to 1-27 

Syllabus : Environmental Impacts of IT, Holistic Approach to Greening IT, Green IT Standards and Eco-Labeling, Enterprise 

Green IT Strategy 

Hardware : Life Cycle of a Device or Hardware, Reuse, Recycle and Dispose 

Software : Introduction, Energy-Saving Software Techniques 

Self learning Topics : Evaluating and Measuring Software Impact to Platform Power 1.1 Introduction .................................................................................................................................................................................................. 1-2 1.2 Environmental Concerns and Sustainable Development .......................................................................................................... 1-2 1.2.1 Environmental Concerns .................................................................................................................................................... 1-2 1.2.2 Sustainable Development .................................................................................................................................................. 1-3 1.3 Environmental Impacts of IT ................................................................................................................................................................. 1-4 1.4 Holistic Approach to Greening IT ........................................................................................................................................................ 1-5 1.4.1 The Three Rs of Green IT .................................................................................................................................................... 1-6 1.5 Applying IT for Enhancing Environmental Sustainability ........................................................................................................ 1-7 1.6 Green IT Standards and Eco-Labeling ............................................................................................................................................... 1-8 1.7 Enterprise Green IT Strategy .............................................................................................................................................................. 1-11 1.8 Green Washing .......................................................................................................................................................................................... 1-11 1.9 Green IT : Burden or Opportunity .................................................................................................................................................... 1-12 1.10 Green Devices and Hardware : Introduction ............................................................................................................................... 1-12 1.11 Life Cycle of A Device or Hardware ................................................................................................................................................. 1-14 1.11.1 Design ...................................................................................................................................................................................... 1-14 1.11.2 Manufacturing ...................................................................................................................................................................... 1-15 1.11.3 Packaging and Transportation ..................................................................................................................................... 1-15 1.11.4 Use ............................................................................................................................................................................................. 1-16 1.12  Green Software : Introduction .......................................................................................................................................................... 1-19 1.13 Energy-Saving Software Techniques .............................................................................................................................................. 1-20 1.13.1 Computational Efficiency ................................................................................................................................................ 1-21 1.13.2 Data Efficiency ..................................................................................................................................................................... 1-22 1.13.3 Context Awareness ............................................................................................................................................................ 1-23 



  Green IT (MU) 2 Table of Contents 

 

1.13.4 Idle Efficiency ....................................................................................................................................................................... 1-24 1.14 Evaluating and Measuring Software Impact to Platform Power ........................................................................................ 1-25 1.14.1  DAQ Tools .............................................................................................................................................................................. 1-25 1.14.2 Software Tools ..................................................................................................................................................................... 1-26 
Chapter 2 : Software Development and Data Centers  2-1 to 2-34 

Syllabus : Sustainable Software, Software Sustainability Attributes, Software Sustainability Metrics 

Data Centres and Associated Energy Challenges, Data Centre IT Infrastructure, Data Centre Facility Infrastructure : Implications 

for Energy Efficiency, Green Data Centre Metrics 

Self-learning Topics : Sustainable Software : A Case Study, Data Centre Management Strategies : A Case Study 2.1 Sustainable Software Development : Introduction ...................................................................................................................... 2-2 2.2 Current Practices ........................................................................................................................................................................................ 2-2 2.3 Sustainable Software ................................................................................................................................................................................ 2-4 2.4 Software Sustainability Attributes ...................................................................................................................................................... 2-4 2.5 Software Sustainability Metrics ........................................................................................................................................................... 2-6 2.6 Sustainable Software Methodology ................................................................................................................................................. 2-11 2.6.1 Code Metric Tools ............................................................................................................................................................... 2-12 2.6.2 Platform Analysis ............................................................................................................................................................... 2-13 2.6.3 Simplified Usability Study ............................................................................................................................................... 2-14 2.6.4 Existing Project Statistics ................................................................................................................................................ 2-15 2.7 Defining Actions ....................................................................................................................................................................................... 2-15 2.8 Data Centres and Associated Energy Challenges ....................................................................................................................... 2-16 2.9 Data Centre IT Infrastructure............................................................................................................................................................. 2-17 2.9.1 Servers ..................................................................................................................................................................................... 2-17 2.9.2 Networking ............................................................................................................................................................................ 2-20 2.9.3 Storage..................................................................................................................................................................................... 2-21 2.9.4 IT Platform Innovation ..................................................................................................................................................... 2-22 2.10 Data Centre Facility Infrastructure : Implications for Energy  Efficiency ....................................................................... 2-25 2.10.1 Power System ....................................................................................................................................................................... 2-25 2.10.2 Cooling ..................................................................................................................................................................................... 2-26 2.10.3 Facilities Infrastructure Management ....................................................................................................................... 2-27 



  Green IT (MU) 3 Table of Contents 

 

2.11 IT Infrastructure Management .......................................................................................................................................................... 2-28 2.11.1 Server Power Management in the Data Centre ...................................................................................................... 2-29 2.11.2 Consolidation ....................................................................................................................................................................... 2-30 2.11.3 Virtualization ........................................................................................................................................................................ 2-31 2.12 Green Data Centre Metrics .................................................................................................................................................................. 2-32 2.12.1 PUE and DCiE ....................................................................................................................................................................... 2-32 2.12.2 Other Metrics (xUE metrics) .......................................................................................................................................... 2-33 
Chapter 3 :  Data Storage and Communication  3-1 to 3-24 

Syllabus : Storage Media Power Characteristics, Energy Management Techniques for Hard Disks 

Objectives of Green Network Protocols, Green Network Protocols and Standards 

Self learning Topics : System-Level Energy Management 3.1 Green Data Storage : Introduction ...................................................................................................................................................... 3-2 3.2 Storage Media Power Characteristics ................................................................................................................................................ 3-2 3.2.1 Hard Disks ................................................................................................................................................................................ 3-2 3.2.2 Magnetic Tapes ....................................................................................................................................................................... 3-5 3.2.3 SSD (Solid State Drive) ........................................................................................................................................................ 3-5 3.3 Energy Management Techniques for Hard Disks ......................................................................................................................... 3-7 3.3.1 State Transitions .................................................................................................................................................................... 3-7 3.3.2 Caching ....................................................................................................................................................................................... 3-8 3.3.3 Dynamic RPM (Rotations per Minute) ...................................................................................................................... 3-10 3.4 System Level Energy Management .................................................................................................................................................. 3-10 3.4.1  RAID with Power Awareness ........................................................................................................................................ 3-10 3.4.2  Power Aware Data Layout .............................................................................................................................................. 3-12 3.4.3 Hierarchical Storage Management (HSM) ............................................................................................................... 3-13 3.4.4 Storage Virtualization ....................................................................................................................................................... 3-14 3.4.5 Cloud Storage ....................................................................................................................................................................... 3-15 3.5 Introduction to Green Network Protocol ...................................................................................................................................... 3-15 3.6 Objectives of Green Network Protocols ......................................................................................................................................... 3-16 3.6.1 Energy - Optimizing Protocol Design ......................................................................................................................... 3-16 



  Green IT (MU) 4 Table of Contents 

 

3.6.2 Bits Costs Associated with Network Communication Protocols ................................................................... 3-19 3.7 Green Network Protocols and Standards...................................................................................................................................... 3-22 3.7.1 Strategies to Reduce Carbon Emissions ................................................................................................................... 3-23 3.7.2 Contributions from EMAN Working Group ............................................................................................................. 3-23 3.7.3 Contributions from Standardization Bodies ........................................................................................................... 3-24 3.7.4 Context detail to Drive Energy Efficiency ................................................................................................................ 3-24 
Chapter 4 :   Information Systems, Green IT Strategy and Metrics 4-1 to 4-26 

Syllabus : Approaching Green IT Strategies, Business Drivers of Green IT Strategy Multilevel Sustainable Information, 

Sustainability Hierarchy Models, Product Level Information, Individual Level Information, Functional Level Information, 

Measuring the Maturity of Sustainable ICT : A Capability Maturity Framework for SICT, Defining the Scope and Goal, Capability 

Maturity Levels 

Self learning Topics : Business Dimensions for Green IT Transformation 4.1 Enterprise Green IT Strategy : Introduction ................................................................................................................................... 4-2 4.2 Approaching Green IT Strategies ......................................................................................................................................................... 4-3 4.3 Business Drivers of Green IT Strategy ............................................................................................................................................... 4-5 4.3.1 Cost Reduction ........................................................................................................................................................................ 4-5 4.3.2 Demands from Legal and Regulatory Requirements ............................................................................................. 4-6 4.3.3 Socio-cultural and Political Pressure ............................................................................................................................ 4-6 4.3.4 Enlightened Self Interest .................................................................................................................................................... 4-7 4.3.5 Collaborative Business Ecosystem ................................................................................................................................ 4-7 4.3.6 New Market Opportunities ................................................................................................................................................ 4-7 4.4  Business Dimensions for Green IT Transformation ................................................................................................................... 4-8 4.4.1 Economy .................................................................................................................................................................................... 4-8 4.4.2 Technology ............................................................................................................................................................................... 4-8 4.4.3 Process ....................................................................................................................................................................................... 4-9 4.4.4 People ......................................................................................................................................................................................... 4-9 4.5 Organizational Consideration in a Green IT Strategy .............................................................................................................. 4-10 4.6 Steps in Developing a Green IT Strategy ....................................................................................................................................... 4-10 4.7 Metrics and Measurements in Green IT Strategies ................................................................................................................... 4-12 4.8 Multilevel Sustainable Information ................................................................................................................................................. 4-12 



  Green IT (MU) 5 Table of Contents 

 

4.9 Sustainability Hierarchy Models ....................................................................................................................................................... 4-13 4.9.1 Sustainability Frameworks ............................................................................................................................................ 4-14 4.9.2 Sustainability Principles .................................................................................................................................................. 4-16 4.9.3 Tools for Sustainability .................................................................................................................................................... 4-16 4.10 Product Level Information .................................................................................................................................................................. 4-16 4.10.1 Life Cycle Assessment (LCA) ......................................................................................................................................... 4-17 4.10.2 The Four Stages of LCA .................................................................................................................................................... 4-17 4.11 Individual Level Information ............................................................................................................................................................. 4-18 4.12 Functional Level Information............................................................................................................................................................. 4-19 4.12.1 Data Centre Energy Efficiency....................................................................................................................................... 4-19 4.12.2 Data Centre Power Metrics............................................................................................................................................. 4-19 4.12.3 Emerging Data Centre Metrics ...................................................................................................................................... 4-20 4.13 Organization Level Information ........................................................................................................................................................ 4-21 4.13.1  Reporting Greenhouse Gas Emissions ....................................................................................................................... 4-22 4.14 Measuring Maturity of Sustainable ICT ......................................................................................................................................... 4-23 4.14.1 A Capability Maturity Framework for SICT (SICT - CMF) ................................................................................. 4-23 4.14.2 Defining the Scope and Goal .......................................................................................................................................... 4-24 4.14.3 Capability Maturity Levels .............................................................................................................................................. 4-24 4.14.4 SICT Capability Building Blocks ................................................................................................................................... 4-24 4.14.5 Assessing and Managing SICT Progress.................................................................................................................... 4-26 
Chapter 5 :   Green IT Services and Roles  5-1 to 5-21 

Syllabus : Factors Driving the Development of Sustainable IT, Sustainable IT Services (SITS), SITS Strategic Framework 

Organizational and Enterprise Greening, Information Systems in Greening Enterprises, Greening the Enterprise : IT Usage and 

Hardware 

Self learning Topics : Inter-organizational Enterprise Activities and Green Issues, Enablers and Making the Case for IT and the 

Green Enterprise 5.1 Factors Driving the Development of Sustainable IT .................................................................................................................... 5-2 5.1.1 The Sustainability Dimension of IT ................................................................................................................................ 5-2 5.1.2 Corporate Sustainability, Social Responsibility and IT ......................................................................................... 5-4 



  Green IT (MU) 6 Table of Contents 

 

5.2 Sustainable IT Services (SITS) .............................................................................................................................................................. 5-4 5.2.1 Developing a Service-Dominant Logic .......................................................................................................................... 5-5 5.2.2 Business Value, Customer Value and Societal Value .............................................................................................. 5-6 5.2.3 SITS as Service Science ........................................................................................................................................................ 5-8 5.3 SITS Strategic Framework ...................................................................................................................................................................... 5-9 5.3.1 The SITS Value Curve ........................................................................................................................................................ 5-10 5.3.2 Integrating Sustainable IT and Business Strategy ................................................................................................ 5-11 5.4 Green Enterprises and the Role of IT : Introduction ................................................................................................................ 5-12 5.5 Organizational and Enterprise Greening....................................................................................................................................... 5-13 5.5.1 The Green Enterprise : A value Chain Perspective ............................................................................................... 5-14 5.6 Information Systems in Greening Enterprises ............................................................................................................................ 5-16 5.6.1 Software and Databases .................................................................................................................................................. 5-16 5.6.2 ERP EMISs .............................................................................................................................................................................. 5-17 5.6.3 ERP Challenges and Deficiencies with Respect to EMIS .................................................................................... 5-18 5.6.4 Integrating Environment and LCA Information with ERP ................................................................................ 5-18 5.6.5 Electronic Environmental and Sustainability Reporting................................................................................... 5-18 5.7 Greening the Enterprise : IT Usage and Hardware ................................................................................................................... 5-18 5.7.1 Environmental Information Technology Standards............................................................................................ 5-19 5.7.2 Green Management of Data Centres ........................................................................................................................... 5-19 5.8 Inter-organizational Enterprise Activities and Green Issues ............................................................................................... 5-20 5.8.1 Electronic Commerce and Greening the Extended Enterprise ....................................................................... 5-20 5.8.2 De-manufacturing and Reverse Logistics ................................................................................................................ 5-20 5.8.3 Eco-Industrial Parks and Information System ...................................................................................................... 5-21 
Chapter 6 :   Managing and Regulating Green IT  6-1 to 6-41 

Syllabus : Strategizing Green Initiatives, Implementation of Green IT, Communication and Social Media 

The Regulatory Environment and IT Manufacturers, Nonregulatory Government Initiatives, Industry Associations and 

Standards Bodies, Green Building Standards, Social Movements and Greenpeace. 

Self learning Topics : Information Assurance, Green Data Centers, Case Study: Managing Green IT 6.1 Strategizing Green Initiatives ................................................................................................................................................................ 6-2 6.1.1 Implementation of Green IT .............................................................................................................................................. 6-4 



  Green IT (MU) 7 Table of Contents 

 

6.2 Communication and social media ....................................................................................................................................................... 6-5 6.3 The Regulatory Environment and IT Manufacturers .................................................................................................................. 6-9 6.4 Non-regulatory Government Initiatives ........................................................................................................................................ 6-16 6.5 Industry Associations and Standards Bodies .............................................................................................................................. 6-18 6.6 Green Building Standards .................................................................................................................................................................... 6-24 6.7 Social Movements and Greenpeace ................................................................................................................................................. 6-28 6.8 Information Assurance ......................................................................................................................................................................... 6-32 6.9 Green Data Centers ................................................................................................................................................................................. 6-35 6.10 Case Study : Managing Green IT ........................................................................................................................................................ 6-37 



