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“For too long the carbon emissions debate has pitched good environmental outcomes against 
good business outcomes—when in reality, the two are synonymous. It is refreshing to see a 
business-focused, pragmatic, and practical approach to delivering business outcomes through 
good environmental practice.”

—Keith Sherringham, Consultant and Author of Cookbook for Shareholder Value 
and Market Dominance

“The bottom line in being more sustainable is greater efficiency. It is no coincidence that this is 
also the bottom line for success in business. … more often than not, it is the effective use of IT 
that is the key to success. That is what this book will help you do.”

—Graeme Philipson, Research Director at Connection Research and Founding 
Editor of MIS Magazine 

“A must-read for any business embarking on the journey of Green enterprise transformation.”
—Professor Aditya Ghose, School of Computer Science and Software Engineering, 

University of Wollongong, Australia

Bhuvan Unhelkar takes you on an all-encompassing voyage of environmental sustainability 
and Green IT. Sharing invaluable insights gained during two battle-tested decades in 
the information and communication technologies industry, he provides a comprehensive 
examination of the wide-ranging aspects of Green IT—from switch off monitors, virtualizing 
data centers, and optimizing processes to bringing attitude change through training and the 
use of green metrics for reporting. 

Combining extensive research, literature review experimentation, and decades of practical 
consulting experience, Green IT Strategies and Applications: Using Environmental 
Intelligence is your complete reference for undertaking a successful Green IT transformation. 
The environmentally responsible business strategies described in this book include motivators 
and drivers, transformation phases, management of risks, measuring and reporting of carbon, 
compliance with the ISO14000 family of standards, and the crucial nexus between Lean and 
green—resulting in what can be called Environmental Intelligence. 

This environmentally conscious IT reference delves beyond the corporate responsibilities of 
organizations in a market-driven economy to demonstrate the importance of carbon management 
as an integral part of good business management. Increasing profits, reducing costs, applying 
innovations in business, adhering to government standards, process management, and the 
socio-cultural aspects of business are all masterfully intertwined with Green IT issues.

Bhuvan Unhelkar, PhD, founder of MethodScience.com, is author of 16 books, several papers 
and executive reports that cover wide ranging domains associated with information and 
communication technologies. Apart from his passion for Green Enterprises, his expertise 
includes business analysis, Composite Agile Method and Strategy (CAMS), mobile business, 
and software engineering. Dr. Unhelkar is a Fellow of the Australian Computer Society, a Life 
Member of the Computer Society of India, and previous TiE mentor.
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Foreword

Green IT means many things to many people, but most definitions boil down to two key aspects: 
internal and external. The first of these refers to the lowering of the energy consumption and car-
bon footprint of the IT process itself, and the second refers to the use of IT to lower the energy 
consumption and carbon footprint of the whole organization. This book examines both.

Not so long ago, sustainability was a fringe issue. Environmentalism was the preserve of 
“greenies” or “techies.” Now these issues are mainstream.

Green IT is a natural result of the world’s increasing interest in all things sustainable. The 
term did not exist 5 years ago—now it is an essential part of any discussion about the role of 
IT in the modern world. IT is pervasive in business and society, and it is closely linked with 
sustainability.

Sustainability is, ultimately, about ensuring that we take out no more than what we put 
into a closed system—an organization, a society, or a planet. How do we ensure this? We need 
to measure inputs and outputs. How do we measure them? Invariably, it is IT systems that 
provide the metering capabilities. IT is also used as the data repository and as the reporting 
tool. IT systems are intrinsic to the measurement and management of sustainability on both a 
local scale and a global scale.

Internal Green IT is becoming an important issue for many reasons. Data center power 
bills are soaring as electricity prices go up, and increased processing power means hotter pro-
cessors, which means more cooling. At the same time, tough economic circumstances are put-
ting a greater focus on running costs, and power consumption as a component of these costs is 
becoming more visible. Environmental reporting requirements are becoming more stringent, 
and there is an increased awareness across business and society of the unsustainability of many 
current consumption patterns.

Rising electricity costs mean that more and more IT departments are including power 
costs in their operating budgets as metering capabilities and measurement techniques improve. 
Power consumption will become a very significant component of the cost of enterprise comput-
ing in the next few years. Even if organizations are unable to directly measure their IT power 
consumption, they are often aware that it is too high and should be lowered if possible.

There are many well-documented ways of reducing IT’s power consumption, such as server and 
storage virtualization and consolidation, “Green PCs,” thin clients, and so on. Internal Green IT 
is important. By various measures, IT is responsible for 2%–3% of the world’s carbon emissions, 
which puts it on par with the airline industry. In some IT-intensive industries, such as banking, 
it can constitute well over half of all electricity consumed. Lowering or reducing the growth rate 
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of IT’s energy consumption is a worthwhile activity. Thus, reduction in IT’s energy consumption 
would have a significant effect on the big picture.

The disciplines, technologies, and methodologies of internal Green IT are reasonably well 
known, but not so widely discussed is IT’s enabling effect—its ability to reduce an organiza-
tion’s carbon footprint by facilitating more efficient and less carbon-intensive work practices—
teleconferencing instead of flying or commuting, improved supply chain management, the use of 
IT systems to replace carbon-intensive applications, IT-enabled energy reduction systems, smart 
metering, and so on. That is what we might call external Green IT.

IT has always been an enabling technology. Computers by themselves are nothing more than 
pieces of metal and plastic, and software nothing more than magnetized dust on a hard disk. IT 
systems exist to help individuals and organizations perform better—they are a means to an end. 
Just as IT can bring greater efficiencies to business processes, automate direct marketing cam-
paigns, or improve the manufacturing efficiencies, so can it help reduce an organization’s carbon 
footprint—both within and outside the IT department.

Technology, and especially IT, is the key to a more sustainable future. From smart meter-
ing in the home to international carbon trading systems, it is IT-based systems that make it all 
work. IT-based systems are used to design renewable energy platforms and run waste management 
facilities.

This book addresses all these issues. Unhelkar takes a holistic and pragmatic view of sustain-
ability and Green IT, examining every aspect of Green IT and the way it can be implemented. This 
reflects the passion for and knowledge of these issues by the author. Unhelkar is particularly good 
at mixing the theoretical with the practical: discussing the ideas and demonstrating their use. That 
is this book’s great strength.

This book also discusses the corporate responsibilities of organizations in a market-driven 
economy. Increase in profits, reduction in costs, application of innovations in business, adherence 
to governance standards, regulatory metrics and measurements, process management, environ-
mental intelligence, and the sociocultural aspects of a business are all neatly intertwined with 
Green IT issues. Green IT is not treated as a separate silo of technology; this book shows Green 
IT as an integral part of reducing the environmental impact of all business activities. It looks at 
the facilities, processes, and people that can all be brought together to reduce the overall impact of 
business activities on the environment.

The bottom line in being more sustainable is greater efficiency. It is no coincidence that this is 
also the bottom line in success in business. The two go hand-in-hand. And more often than not, it 
is the effective use of IT that is the key to success. That is what this book will help you do.

Graeme Philipson
Wollongong, Australia

Graeme Philipson is one of the world’s leading Green IT consultants. His company Connection 
Research developed the Green IT Framework, a system for identifying the different components 
of Green IT, and the Green IT Readiness Index, a benchmarking methodology for quantifying the 
maturity of Green IT within an organization. He was the founding editor of MIS Magazine and 
is a former research director with consultancy Gartner.
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Preface

Profits versus carbon, customer services versus carbon, competition versus carbon, regulations ver-
sus carbon. For too long, the carbon reduction debate has pitched good environmental outcomes 
against good business outcomes. Yet the reality, however, is that best business practice delivers 
both good business outcomes and environmental benefits. Many CEOs are either looking to show 
leadership or leading in carbon reduction because it is good for their businesses.

The carbon reduction debate is changing. In the context of the environment, the questions 
revolve around what the strategies, policies, and objectives of a business should be. What are the 
green drivers a business should anticipate, and what are the motivational levers? CEOs are asking 
what they should measure and how they should report their attempts at green transformations to 
get the best business outcomes. How will enterprise architecture change when a Carbon Emissions 
Management Software (CEMS) tool is implemented? What are the risks a business will encounter 
as green strategies are developed and implemented? What are the risks to a business from a lack of 
environmental consciousness within the business?

These are some of the practical questions answered in this book. While respecting the contrary 
views within the carbon reduction debate, this book focuses pragmatically on the activities and 
tasks, roles and deliverables, and metrics and measurements that enable an organization to sensibly 
reduce its carbon footprint because of the business benefits achieved through good environmental 
outcomes.

The scope for carbon reduction is large. Therefore, Green IT, as discussed in this book, is not 
restricted to IT alone. Instead, Green IT (technology, communications, information, policies, pro-
cedures, governance, risk, audit, compliance, strategy, service levels, performance management, 
and more) is discussed in an all-encompassing manner covering a wide range of issues in environ-
mental sustainability. Such an approach utilizes the resources available to a business in a unified 
(holistic) approach toward the environment to form a resulting environmental intelligence (EI) 
and keep business goals closely meshed with the environmental goals. This intelligence imbues the 
organization with a green value system that is highly relevant to the future carbon economy.

The discussion in this book is an opportunity to tap into this intelligence. It is a journey of 
transformation, expansion, and application of the resident business intelligence in a way that will 
benefit both the business and the environment. This is an invaluable discussion to have in today’s 
business world, which is fraught with risks, regulations, and customer preferences—all impacted 
by environmental considerations.

The application of business intelligence to enhance the environmental credentials of a business 
can be formalized into the concept of EI. EI can be understood as the use of the organization’s sys-
tems, applications, contents, processes, architectures, and designs to transform the organization. 
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This book also examines the areas of Business Transformation and associated aspects of Change 
Management in the context of the environment.

The ideas expressed in this book are a judicious combination of research (as a PhD project over 
the past three years), the practical experiences of the author as a consultant and trainer in the area 
of Green IT, and the scholarly and business insights of select colleagues who see the future profit-
ability and sustainability of businesses aligned with environmental outcomes. Thus, you will find a 
substantial literature review, many statistical survey results, and insights gained within this book. 
This is a highly pragmatic and practical book that is written to demonstrate the role of EI within a 
business, particularly environmentally responsible business strategies (ERBS).

The practical aspect of this book comes from the fact that it demonstrates how ERBS can be 
implemented in an organization through modifications, upgrades, redeployment, and optimi-
zations of existing systems and processes, together with systems and processes that are new to 
Green IT. This book discusses environmental issues from multiple and varied angles. These angles 
include the technologies that create carbon emissions, the technologies that can be used in reduc-
ing the organization’s carbon footprint, the impact of carbon emissions on business, the existing 
and upcoming compliance requirements by business, and the role that business and society can 
play in utilizing IT in a green way. The sociopolitical challenges of environmentally responsible 
business are also discussed, together with strategies to ameliorate them.

This book aims to incorporate business intelligence, as used by business systems, technolo-
gies, and people, into environmental intelligence. This book also provides the roadmap for green 
business transformation using existing business intelligence. Finally, it also provides views on the 
future direction of Green IT.
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Readers

Many types of readers interested in environmental issues from a business perspective will find this 
book interesting:

	 (a)	 Decision makers: Strategic decision makers in the industry who are involved in the process 
of improving their business operations and services to become environmentally responsible. 
This book includes advice on measurements to back their decisions and for transformation 
within and from outside the business.

	 (b)	 Technologists: The technical leaders of the organization, including IT managers, development 
managers, data center directors, and network managers. Such technologists will find the dis-
cussions in this book, especially Chapters 3, 4, and 6, highly relevant. Of focus is the appli-
cation of various strategies and techniques to optimize the use of hardware and upgrade the 
processes, measurements, and reporting on the organization’s environmental performance.

	 (c)	 Developers: Those involved in design, development, and testing of Carbon Emissions 
Management Software (CEMS). Chapter 7 in this book has detailed UML-based require-
ments and an initial design for such a system that is directly relevant to developers.

	 (d)	 Trainers and Teachers: This book is organized in a way that is highly conducive to industrial 
training and higher degree courses. The discussion points, action points, and case studies are 
highly relevant in this regard. The discussion topics can also be used for interactive discus-
sions within a classroom environment.

	 (e)	 Academics: The rapidly increasing body of researchers and academics who are exploring vari-
ous ways of incorporating environmental strategies in business. The chapters in this book 
are based on literature reviews that provide the scholarly background for the discussions in 
technologies and business intelligence for the environment. The social, cultural, political, 
and legal aspects of environmental compliance will also be of interest to non-IT researchers. 
For academic teachers, each chapter is organized with an introduction, detailed discussion, 
relevant summaries, and discussion topics.
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Mapping to a Workshop

The book has material that can be divided into a two-day training course or workshop that can be 
delivered in public or as an in-house customized training, as shown in the following table.

When used in an academic course, this book forms a 13-week teaching exercise for graduate-
level study, with each chapter corresponding to a lecture topic, supported by practical group work 
based on the case studies.

Mapping of the Chapters in This Book to a Two-Day Workshop

Day Session

Presentation and 
Discussion Workshop 

Topic
Relevant 
Chapters Comments

1 8:30 a.m.–
10:00 a.m. 

Green IT strategies and 
policies 

1, 2, 3 Covers drivers and dimensions of 
change; approach to policies, 
their deployment, and green 
metrics 

10:30 a.m.–
12:00 a.m. 

Green IT and data 
centers; devices; Green 
enterprise architecture 

4, 6 Virtualization; smart meters; 
optimization; interfaces between 
existing systems (CRM, ERP) and 
new carbon systems 

1:30 p.m.–
3:00 p.m

Green business process 
management

5 Process reengineering as 
applicable to Green IT 

3:30 p.m.–
5:00 p.m.

A case study 12–14 
(any one)

2 8:30 a.m.–
10:00 a.m.

Green enterprise 
transformation 

9 In-depth business transformation 
process framework for Green IT

10:30 a.m.–
12:00 a.m.

Carbon Emissions 
Management Software 
(CEMS) design; Green 
HR

7, 8 UML-based models of a CEMS; 
rewards/motivation and structure 
of Green HR

1:30 p.m.–
3:00 p.m.

Green IT audits, laws, 
and standards

10 ISO 14001 and related standards. 
Audits 

3:30 p.m.–
5:00 p.m.

Second case study 12–14 
(any one) 
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Contents and Chapter 
Summaries

This book has 14 chapters. This first part of the book is made up of 11 chapters that discuss Green 
IT within a business a context, whereas the second part provides 3 supporting case studies. Each 
chapter in the first part is laid out in the following form: title, keypoints, main body of the chapter, 
summary, and discussion topics. Each chapter is interspersed with sidebars and concludes with 
action points that provide step-by-step guidance on implementing the discussions. Each chapter 
also includes detailed referencing, a comprehensive index, meanings of acronyms, and keywords, 
figures, tables, and appendices that are invaluable for practitioners. The following table provides a 
brief overview of each chapter. 

Chapter Description 

Part A—Strategies and Applications

Chapter 1 Green IT Fundamentals: Business, IT, and the Environment

Chapter 2 Green IT Strategies: Drivers, Dimensions, and Goals

Chapter 3 Environmentally Responsible Business: Policies, Practices, and Metrics

Chapter 4 Green Assets: Buildings, Data Centers, Networks, and Devices

Chapter 5 Green Business Process Management: Modeling, Optimization, and 
Collaboration

Chapter 6 Green Enterprise Architecture, Environmental Intelligence, and Green 
Supply Chains

Chapter 7 Green Information Systems: Design and Development Models

Chapter 8 Sociocultural Aspects of Green IT

Chapter 9 Green Enterprise Transformation Roadmap

Chapter 10 Green Compliance: Protocols, Standards, and Audits

Chapter 11 Emergent Carbon Issues: Technologies and Future
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The following appendices provide supporting information.

Chapter Description 

Part B—Case Studies

Chapter 12 Case Study in Applying Green IT Strategies and Applications to a 
Hospital

Chapter 13 Case Study in Applying Green IT Strategies to the Packaging Industry

Chapter 14 Case Study in Applying Green IT Strategies and Applications to the 
Telecom Sector

Appendix Description

Appendix A The Environmentally Responsible Business Strategies (ERBS) Research 
Project Survey

Appendix B Case Study Scenarios for Trial Runs

Appendix C Green IT Measurements from a CEMS
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Language

The author firmly believes in gender-neutral language. However, in order to maintain the simplic-
ity of reading she and he have been used freely. Terms like user and manager represent roles and 
not people. We may play more than one role at a given time—such as consultant, academic, and 
analyst. As a result, the semantics behind the theory and examples may change depending on the 
role you are playing, and should be kept in mind as you read this book. “We” throughout the text 
primarily refers to the reader and the author—you and me. Occasionally, we refers to the general 
business or the ICT community, depending on the context.

Critiques
Critiques of this work are welcome. The author will be grateful to you for your comments, feed-
back, and criticisms, as they surely will add to the overall knowledge available on mobility and 
mobile transitions. A very big thank you to all readers and critics in advance.

Bhuvan Unhelkar
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Endorsements (In Praise 
of Green IT Strategies 
and Applications)

The foremost reason I would buy this book is because it does not separate and thereby 
alienate business efficiency from carbon efficiency. That is an excellent approach to 
take toward carbon reduction in a market-driven economy.

Warren Adkins
Sydney, Australia

This book brings together the research on environmental sustainability with its prac-
tice in real life. The value of this book comes from this synergy of research and prac-
tice. The practical approaches in this book find support in the robustness associated 
with doctoral-level research.

Akshai Aggrawal
Vice Chancellor, Gujarat Technological University India;

and Associate Professor and Interim Director,
School of Computer Science

University of Windsor, Canada

Unhelkar has been on the panel of judges for the Consensus GreenTech Awards since 
their inception two years ago. He has also been a judge of the Consensus Software 
Awards for nine years. His passion for Green IT and environmental sustainability is 
well known—and is reflected in the pages of this book. This is a must-have book for 
anyone associated with efforts at reducing carbon emissions and understanding the 
key issues affecting the future of our planet.

Julian Day
MACS MAICD, Founder and CEO, 

Consensus Group; Past Chair 
QESP (Quantitative Enterprise Software Performance) Australia
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The new economy is the green economy where cost and carbon savings are unified. 
My own experience in leading and promoting the development of an enterprise-class 
energy consumption monitoring and environmental impact analysis platform has con-
vinced me that management of carbon footprint is an integral part of business—not 
an add on. Precisely the theme that comes out again and again through the chapters of 
this excellent book on Green IT strategies authored by Dr. Unhelkar.

Ramin Marzbani, AMSRS, FMA, EPTS
Director, Event Zero Pty Limited (Creators of Greentrac)

San Murugesan
Professor of Information Systems and IT Management

Multimedia University, Malaysia

For too long, the carbon emissions debate has pitched good environmental outcomes 
against good business outcomes when, in reality, the two are synonymous. It is refresh-
ing to see a business-focused pragmatic and practical approach to delivering business 
outcomes through good environmental practice.

Keith Sherringham
Independent business consultant 

Author of Cookbook  for Shareholder Value and Market Dominance
Sydney, Australia

This book expresses very well the basic idea that carbon efficiency is not an isolated 
activity but, rather, implicit in running a lean and efficient business. The discussions 
on carbon efficiency of Green IT in this book span almost all the dimensions of an 
enterprise—strategies and policies, architecture and design, social [and] legal stan-
dards, and audits. A must read for any business embarking on the journey of Green 
enterprise transformation.

Aditya Ghose
Professor, Director of Decision Systems Lab

School of Computer Science and Software Engineering
University of Wollongong, Australia
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Chapter 1 

Green IT Fundamentals: 
Business, IT, and the 
Environment

If you lose touch with nature you lose touch with humanity.

J. Krishnamurti’s Journal, April 4, 1975

Key Points
◾◾ A strategy for Green IT forms part of and aligns to an overall business strategy.
◾◾ Astute business sees Green IT as organizational best practices that lowers costs, provides 

better customer service, and improves business operations.
◾◾ The practical discussions within this book on the alignment of business and environmental 

outcomes are underpinned by industrial research.

Introduction
An indisputably winning argument behind the implementation of Green IT* initiatives is based 
on business efficiency. This is the same reason why businesses strive to be lean, improve their qual-
ity, and reengineer their processes. Thus, while myriad reasons abound for why an organization 
should become green, the one reason that is beyond reproach is that “a green business is synony-
mous with an efficient business.” When a reduction in carbon is allied with the economic drivers 
of a business, the search for justifying the costs to optimize business processes and virtualized 

*	 The term IT implies information, technology, and communications domain. Occasionally, the term ICT is 
used—especially in emphasizing the communications aspect of IT.
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data servers become relatively straightforward. A close synergy exists between a lean and a green 
business. In fact, in most cases, they are complimentary. This synergy between lean and green has 
immense potential to benefit both, the business and the environment. Add effectiveness to this 
compliment of lean and green and there begins a comprehensive journey toward environmental 
consciousness by business. 

Green IT (also referred to as Green ICT or Green computing) has been defined or described 
by several sources including Murugesan (2008), Lamb (2009), Unhelkar (2010a and 2010c, 2011). 
Green IT definition appears in Wikipedia, 2010 as well. But it is the definition of Murugesan 
(2008) that is particularly comprehensive: “the study and practice of designing, manufacturing, 
using, and disposing of computers, servers, and associated subsystems (such as monitors, printers, 
storage devices, and networking and communications systems) efficiently and effectively with 
minimal or no impact on the environment.” This definition can be interpreted as serving an orga-
nization’s attempt to achieve economic viability and improve system performance and use, while 
abiding the social and ethical responsibilities. Lamb (2009) simplifies this definition: “Green IT 
is the study and practice of using computing resources efficiently.” Thus, Green IT includes the 
dimensions of environmental sustainability, the economics of energy efficiency, and the total cost 
of ownership, which includes the cost of disposal and recycling.*

This opening chapter of this book on Green IT strategies and applications expands the afore-
mentioned theme. Carbon efficiency has to be imbibed in the overall efficiency and effectiveness 
of the organization. The equation of a market-driven economy is not eschewed in this philosophy 
but, rather, strengthened. Increasing the value and reducing the costs, the hallowed mantra of a 
lean organization, is investigated deeply only to discover that reduction in carbon, in so many 
ways, is closely aligned to reduction in costs. Seen from a better business perspective, carbon 
consciousness can be incorporated as an integral part of the mainstream business strategy, rather 
than as an “add on” to the core business. The time to explore, investigate, and experiment with 
the existing and future technologies and processes that can be used to dual advantage—business 
efficiency and carbon efficiency—has never been more appropriate.

The approach set in this chapter of alignment of business strategy and Green IT strategy 
permeates the chapters of this book. Subsequent chapters in this book delve into various areas of 
green business that includes management, processes, architecture, intelligence, and metrics—to 
name but a few. The basic philosophy adhered to throughout these discussions is that business 
goals need not be eschewed for the sake of carbon efficiency. The crucial connection between the 
business and carbon domain is expounded here through the dimensions of technologies, pro-
cesses, people, and economy. Long-lasting environmental strategies are not treated in isolation 
from the corresponding business considerations. Through the discussions of strategies, policies, 
practices, and metrics, these discussions strive for an enduring impact of carbon considerations 
on the individual, organization, industry sectors, and even governments. This is so because start-
ing right with an individual’s attitude and working life style, Green IT is shown to affect the way 
the business is organized, its underlying infrastructure, and the formulations of its regulatory 
policies. Government rules and regulations, carbon offsets and carbon trading underpin both 
legal and economic requirements, which, in turn, are shaping the businesses of now and the 
future.

The market-driven philosophy of businesses, thus far, has worked against the environment. 
This is obvious because the free market economies started with the basic premise of profit, 

*	 For more definitions of Green IT see: Cameron (2009), Chen and Boudreau (2008), Dedrick (2009), Fuchs 
(2008), Murugesan (2007, 2008), Poniatowski (2010), and Velte, Velte, and Elsenpeter (2008).
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which, perhaps, got translated into profit at any cost. Besides that, reflecting different views, 
a strong consensus is currently missing and has led to formation of camps along political and 
economic lines. Therefore, those aspects of society and life that belonged to the “common good” 
suffered. The environment did not belong to a particular organization, a particular profit mak-
ing entity. The sanctification of profits lead to dilution of attention to everything that was 
outside the organizational boundary—and the environment was indeed outside the organiza-
tional boundary. Major effort in the environment domain, in the last decade, has been to shake 
this erroneous yet unflinching belief that anything that happens outside of my organization is 
none of my concern. Not only is the environment with the seemingly unending pumping of 
emissions of great concern for corporate social responsibility, but studied closely, it also offers 
hitherto unknown opportunities. Creative ways of looking at the environmental challenge 
opens up opportunities to examine processes for collaboration, take stock of the inventory and 
infrastructure for optimization, and explore the possibilities of new business streams. Needless 
to say, multiple disciplines, skills, and imaginative capabilities need to synergize to explore 
this unknown. As Yousif (2009) in his keynote Towards Green IT, says, “serious collaboration 
between technologists, developers, researchers, consumers and politicians is needed to achieve 
green and sustainable ICT.” 

With a focus on the business and the environmental domain working together, the need to 
debate on real cause of climate change also starts fading. There is less pressure to ascertain the 
exact cause of climate change and more freedom to start merging sensible business strategies 
with the environmental strategies. Abstaining from the philosophical debate on the occurrence 
of climate change (not that such debate is not important; but my focus here is purely business-
technology nexus and environmental value to business), frees up precious business time and 
energy to focus on environmentally responsible business strategies (ERBS) around a very practical 
viewpoint: “an efficient business, by default, is also a environmentally-efficient business.”

Thus, what starts becoming prominent is the age-old quest of businesses to improve their 
efficiencies and effectiveness. An efficient business will, in most cases, emit less carbon in the envi-
ronment. For example, an efficient data center will not only reduce the operational expenses of 
an organization’s IT department, but will also be environmentally responsible. Another example 
would be that of an efficient airline management process. Checking-in passengers quickly and 
accurately, or sidestepping certain “bureaucratic” steps within ticketing, will invariably reduce the 
carbon generated by these processes. This can be the result of highly optimized data entry using 
mobile devices, obviating the need for any printing in the process or simply automated, digital 
authorization. Apart from the operational efficiencies that also eliminate the carbon wastage points, 
similar arguments also apply for the organization’s long-term strategic assets and infrastructures 
including building and facilities, furniture and equipments, vehicular fleets, inventories, supply 
chains, human resources, and the overall administration of the business.

Standards, processes, governances, intelligences, business solutions, applications, data ware-
houses, and myriad of other technology and business elements are brought to bear on business 
efficiency. The ensuing discussions not only demonstrate the need to and the approach for such 
collaboration amongst these various business elements but also demonstrate the results from that 
effort through the use of metrics and measurement. Moving beyond the technology focus of 
Green IT, this book explores the many dimensions of business that lie beyond Green IT and that 
affect its carbon footprint in a substantial manner. The end result is a discussion of issues that 
affect the overall environmental performance of an organization to achieve a Green Enterprise 
that meets the needs of the various stakeholders.
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The Environment Today
As mentioned earlier, whether human activity is the cause of change in the environment or not 
becomes a background conversation to improving business and achieving environmental outcomes 
in the process. It is this business-driven collaborative path that opens opportunity for corporate 
action.

While the cause for climate change can be investigated Pachauri, R.K. and Reisinger, that 
cause in itself need not be the deciding factor in undertaking Green IT initiatives. For example, if 
only the facts are considered (and not necessarily the philosophical discussion as to who is creating 
this climate change), then it is plain and obvious that the Earth as it stands (or revolves) now will 
run out of coal and oil. This also implies that the source for plastics and related chemicals will dry 
up; but the pollution and wastage generated from these plastics will remain with us. Thus, in a 
way, the closing scene of this play is known. What is required is astute business innovation to see 
that when the curtain falls the actors and the audience still have food, air, and water.

Figure 1.1 shows that the information technology (IT) affects business, which, in turn, influ-
ences the society and the overall environment in which the business exists.

For example, IT in business makes use of massive computing and networking technologies 
that require large and dedicated data centers. The location of these data centers and the people 
who work in them are all socially affected by this use of IT by business. Furthermore, as the social 
fabric gets disturbed, it in turn affects the overall environment in which the society exists. Finally, 
there is also a direct influence of IT on the society and environment—independent of its influence 
on business.

This direct influence of IT is seen in the massive proliferation of household gadgets, use of 
computers in schools and hospitals, the popularity of social networking, and the high level of 
communications technology (such as a GPS) in vehicles.

Despite this huge popularity of IT, it appears as if the corresponding environmental consid-
erations of the impact of IT’s usage have lagged behind substantially within business strategies. 
Events, such as the global financial crises (GFC, 2009) Shah, A. (2010), British Petroleum’s oil 
leak in the Gulf of Mexico, and the Icelandic volcanic ash have further exacerbated this lack of 
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Figure 1.1  Information technology influences business, society, and environment—lead up to 
the sustainable triangle.
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environmental considerations in business strategies. On the one hand, the CEO strapped for 
cash is asking about the environmental initiatives: “why?” or “what is in it for me?,” and on the 
other hand, these global events are screaming for incorporation of environmental consideration 
as a part of normal enterprise risk management. For example, if carbon emission is consid-
ered holistically by business, then even the risks associated with the aforementioned disasters 
could have been ameliorated through forward planning, risk mitigation strategies, and effective 
governance.

The answer to the question of “why?” (should I undertake carbon reduction strategies if they 
are going to cost me in the short term) lies in observing how closely the risks associated with a 
business is tied to its carbon generation. Businesses that generate carbon and pollute the atmo-
sphere are unlikely to be sustainable in the long run, whereas green businesses that use IT intel-
ligently add substantially to their risk management repertoire and are most likely to be successful 
businesses both now and in the future.

This viewpoint is depicted on the right side in Figure 1.1, wherein the sustainable triangle of 
an organization is shown to be made up of a balance between society–economy (how much can 
the society bear?), economy–environment (is the environmental initiative viable?), and society–
environment (is the environmental consideration equitable?). The quest for the answers to these 
questions forms the basis of this Green IT initiative—and its fundamental principle is to have the 
economic, social, and environmental factors in balance.

This holistic, balanced approach to the business and the environment is strongly repeated 
through the thought processes of various consulting practitioners and researching academics 
(Unhelkar, 2011). The varied viewpoints in that handbook range from the need to optimize sup-
ply chain processes, switching off computers when not in use, and designing low-carbon emit-
ting microprocessor chips to creating long-term awareness about the environmental protocols and 
standards, incorporating carefully construed carbon metrics and measurements, and changing 
attitudes of users and employees through education and training. 

A comprehensive Green IT strategy fully utilizes technology resources, reengineers processes, 
and uses the positive attitude of people in bringing about environmental consciousness in the daily 
activities of the business. The Green IT metrics and measurements support the justification of all 
the green enterprise transformation actions (Bell and Morse, 2008). Due consideration is also 
given in this holistic approach to the “soft” factors relating to people, their attitudes, and the socio-
cultural influence of Green IT. The transformation process also includes a model of the current 
objectives and strategy of the organization as well as a model of the future state of an organization 
from an environmental perspective. Eventually, the transformation process leads the organization 
to change systematically its state from where it is to the future state. 

The strategy, policy, and practice relating to Green IT are concepts that change at varying 
levels within an organization. For example, the formation of the initial Green IT strategy will be a 
collaborative, dynamic effort that will stabilize and provide sound basis for formulation of Green 
IT policies. These policies, in turn, are practiced within the organization with various levels of 
intensity and attitude. Thus, the dynamicity of Green IT strategy, policy, and practice imply an 
ongoing learning and coordination of various faculties of the organization to come up with eco-
innovations within and across the organization. Nidumolu, Prahalad, and Rangaswami (2009) 
have in fact equated sustainability with innovation stating that such eco-innovative approach 
will lay the groundwork for these organizations to stay ahead in the next economic upturn (at the 
end of this recession). This is the intelligence aspect of the environmental initiative. For example, 
a dynamic Green IT strategy would ensure that the tacit knowledge within the organization’s 
people is connected with the explicit knowledge within the data warehouse to produce intelligence 
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that is used in environmental management of the organization (Unhelkar and Tiwary, 2010). 
Hercheui (2011) has further outlined the role played by knowledge management tools in fostering 
Green ICT related change in organization.

This learning and its dissipation includes efficient ways of organizing production and con-
sumption, improved design of products to reduce their carbon emissions, creative and optimized 
supply chains, optimized inventory processes, and excellence in customer service from an environ-
mental perspective.

Thus, a specific green knowledge management domain emerges within the organization that 
supports the entire organization in its Green IT initiatives and, eventually, becomes an integral 
part of the organization.

As Jonathan Lash and Fred Wellington advise businesses in their Harvard Business Review arti-
cle (2007), “Companies that manage and mitigate their exposure to climate-change risks, while 
seeking new opportunities for profit, will generate a competitive advantage over rivals in a carbon-
constrained future.” The effect of environmental issues on businesses is not just limited to “feeling 
good” or handling regulatory compliance; instead, this effect is reflected directly in the share prices 
of companies on the stock exchange. Similarly, when making purchasing, leasing, or outsourcing 
decisions, many customers have begun to take into consideration the company’s current environ-
mental records and initiatives, and their future plans (Ambec and Lanoie, 2008; Brown, 2008).

Developing a comprehensive approach to an environmental strategy is not limited to the for-
mulation of the strategy and corresponding policies for Green IT. A roadmap and plan for formal 
transition from the current state of an enterprise to a green enterprise through a staged transi-
tion process is also required (such a roadmap and its enactment is detailed in Chapter 9). The 
green enterprise transition results in a long-term, sustainable business that is a “lean” business 
with energy efficiency and optimized processes. This transitioning to a green enterprise needs to 
be further validated and justified through supporting return on investment (ROI) metrics and 
related carbon measures (discussed in detail in Chapter 3). The results of these green measure-
ments should be part of a company’s annual report that makes it obligatory to report the carbon 
performance of the organization to its stakeholders and shareholders. The end result of such a 
unified approach is that the environmental strategy finds support across an organization, address-
ing technology, processes, architecture, and metrics. Thus, a carefully construed strategy for 
Green IT is a crucial enabler for an organization’s overall transition toward an environmentally 
sustainable business.

The following are some of the specific ways in which a comprehensive Green IT strategy is 
beneficial to an organization:

◾◾ Incorporates environmental issues within the business strategies in way that is complimen-
tary to each other.

◾◾ Demonstrates the importance of environmental issues as one of the “core” business issues 
rather than merely “good to have” add on.

◾◾ Explores the possibilities of enhanced green performance to discover and develop new busi-
ness opportunities.

◾◾ Expands the technologies of Business Intelligence for the purpose of reducing the orga-
nization’s carbon footprint—leading into what is called Environmental Intelligence (EI) 
(Unhelkar and Trivedi, 2009; Wrexham and Cutter, 2009; Unhelkar and Tiwary, 2010). 

◾◾ Applies the concepts of carbon efficiency to business processes leading up to Green 
business process management (Green-BPM) and Green business process reengineering 
(GPR).
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◾◾ Develops the idea of the carbon footprint of collaborative business processes (Unhelkar, 
Ghanbary, and Younessi, 2009) that cut across multiple organizations and approaches to 
improve that collective carbon footprint.

◾◾ Proposes a Green enterprise architecture (GEA) that builds on the technologies of Web 
Services/Service Oriented Architecture and Cloud computing.

◾◾ Discusses the importance of people, their attitude, and approaches to Green IT that would 
bring about a positive change without condemnation.

◾◾ Expands on the role on Green HR including the training and positioning of roles and 
responsibilities in the green space.

◾◾ Expands on the vital role of business leadership in bringing about positive green change 
across the organization.

◾◾ Presents the legal and political aspects the international protocols on greenhouse gases 
(GHGs).

◾◾ Argues for the use of ISO 14001 family of standard for the environment within the 
organization.

◾◾ Discusses metrics and measurements related to carbon data with an aim of understanding 
and mitigating the sources of carbon generation within and outside the organization.

◾◾ Incorporates the use of mobile technologies and smart metering for real-time measurements 
and use of carbon data.

◾◾ Discusses and advises on the use of Carbon Emissions Management Software (CEMS) in 
the context of carbon metrics, measurements, and reporting.

◾◾ Outlines the approach to Green IT audits for reporting and compliance.
◾◾ Explores the futuristic issues impacting environmental 

performance of an organization.

As is seen by the above list, a Green IT strategy offers a 
lot more value to the organization that goes beyond the con-
fines of IT per se. The offerings of Green IT strategies and 
policies, together with an approach to implementing them in 
practice, are studied, modeled, explored, and reported under 
the umbrella of green business strategies. Thus, a green busi-
ness strategy can also be called an ERBS (Unhelkar, ERBS, 
Cutter Report, 2010c). 

Information Technology and Environment
As mentioned earlier, IT is an inseparable, integral part of modern business. In fact, IT is so closely 
intertwined with business processes that it is difficult to imagine any modern core business process 
sans IT. In addition to being an integral support to business processes, IT particularly with commu-
nications technologies, is a creative cause for many new and wide-ranging business interactions. The 
maxim “Business is IT” is even more relevant in today’s heavily analyzed, networked, and intercon-
nected world of business. It is impossible to imagine a typical banking, insurance, and hospital or 
airline process without IT. The synergy between business and IT implies that growth in business also 
implies corresponding growth in IT. This, in turn, also implies greater IT-based carbon generation.

An environmentally responsible business 
strategy (ERBS) is a judicious combination of 
business and environmental goals of the orga-
nization. The synergy among business, tech-
nology, and environment can be achieved by 
viewing the organization holistically as an 
environmentally conscious organization. This 
is quite a different approach as compared 
with the piecemeal approach to Green IT, or 
the one that focuses on the “quick runs” that 
result in some immediate impact on reduc-
ing the carbon footprint of an organization, 
but does not provide long-term green value 
to the organization.
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Jain (2011) mentions studies that show the effects of IT usage on the environment (Erdmann 
and Hilty, 2004; Plepys, 2002). These studies specifically indicate the various levels at which IT 
affects the environment. An initial level of impact is associated with production, use, and disposal 
of IT hardware that affects the environment directly. The subsequent level of impact is caused by 
the effect of IT on the changes in structure and behavior. Plepys (2002) describes a rebound effect 
that is the result of widely available and plentiful IT resources used in excessive quantities in lieu of 
other resources. This IT effect on carbon footprints can be seen in global trade transcending orga-
nizational and regional boundaries. For example, the decree by European Union (EU) is binding 
to all organizations operating within the Union to comply with their carbon benchmarks. This, in 
turn, implies that the service providers from other regions need to be carbon compliant in order to 
trade with organizations in the EU.

Verticals such as financials, travel, and hospitals are all affected fundamentally by IT and 
its emissions. While these industries are themselves not IT, still there is hardly any transaction 
in them that can be conducted without IT being an integral part of it. The process of getting a 
quote for an insurance cover, the process of buying an airline ticket, and the process of checking 
the availability of a doctor all have information and communications technology at their base. 
Each process requires an underlying database (or data warehouse), a means of communication 
(the Internet together with all its add-ons), user interfaces, data and transaction security, and the 
overall user experience considerations. Therefore, modeling, examining, and optimizing any of 
these processes requires due considerations of all IT elements. Changes to the technical systems 
and database aspects of these processes impact the business aspect of those processes. In fact, it is 
increasingly becoming difficult to segregate the IT aspect from the pure business aspect of these 
processes. Therefore, many a thinkers believe that the IT industry has a significant role to play 
in reducing GHG emissions (Tang, 2008). Philipson (2010) has recently published a whitepaper 
that categorically discusses the role of IT industry in the overall environmental performance of 
businesses. As argued in that report, the technology to bring about reduction in IT’s carbon emis-
sions is already there. “The other necessary ingredients are political will and appropriate economic 
initiatives—which can in many cases be facilitated by appropriate government policy.”

To start with, this indicates that a reduction in overall carbon footprint of the organization can 
be effectuated by specifically tackling IT-based emissions. Reduction in IT-based emissions—such 
as the data center and the end-user monitors—will have an immediate and positive impact on the 
overall carbon footprint of the organization. More importantly though, as is envisaged by Unhelkar 
and Philipson (2009), Murugesan (2008), Unhelkar (2010a and 2010c), and others, IT in systems 
and processes can be positive enablers, across the entire organization—providing opportunities for 
improving the carbon footprint of both the IT and the non-IT aspects of an organization.

Thus, in discussions on business efficiency and effectiveness, IT considerations are integral and 
mandatory. It thus follows that these IT-led business interactions are directly correlated with the 
production of carbon and related GHGs. The greater the interactions between IT and business, 
the more are the amount of carbon pumped in the environment. Therefore, it follows that inves-
tigation and amelioration of IT related processes leading to GHGs will lead to reduction in the 
overall carbon footprint. Similarly, improving the efficiencies of business interactions supported by 
IT will also reduce the carbon content emanating from the business.

Figure 1.2 attempts to depict this ongoing interplay between the business and the environment.
The IT sheath that encompasses the business is shown on the left in Figure 1.2. Any business 

activity that involves IT—and most does—impacts the environment. The carbon impact is shown 
by an arrow from left to right. This impact of business activities through IT on the environment 
has to be understood in three ways: from the length of time, the depth of activity, and the breadth 


