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The maximum speed at which a physical system can commute from a state to another 
is proportional to the energy of the system.

4

h
E f

• E = energy to commute 1 bit

• h = Planck’s constant 6,626·10-34 J·s

• f = commutations per second

• To commute 1 bit at 1 GHz at least 10-25 J are needed. 
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Lowering leakage and 
managing voltage, variability 
and aging, has bolstered the
continuing reduction in total 
power dissipation. This is 
helping rein in the increase in 
energy demands from PCs, 
servers, and similar systems. 
As power reduction becomes 
mandatory, the trend towards 
maintaining near constant clock 
frequencies also continues as 
shown in frequency trends plot. 
This will yield solutions with 
less cost and cooling demands, 
resulting in greener products in 
the future.
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The relentless march of process 
technology brings more 
integration and performance. 
IBM’s System z processor leads 
the charge at ISSCC 2013 
clocking in at 5.7GHz and with 
2.75B transistors.
The chip complexity chart 
shows the trend in transistor 
integration on a single chip over 
the past two decades. While the 
1 billion transistor integration 
mark was achieved some years 
ago, we now commonly see 
processors with beyond 2B
transistors on a die.

WEBIST  2013 Brian Donnellan

5

Processors are choosing to 
trade off performance by 
lowering supply voltage. The 
performance loss of reduced 
voltage and clock frequency 
is compensated by further 
increased parallelism. 
Processors with more than 8 
cores are now commonplace. 
This year at ISSCC 2013, a 
24-core processor from 
Fudan University will be 
presented as noted in the 
core count trend chart.
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Source:  “A Smarter Shade of Green,” ACEEE Report for the Technology CEO Council, 2008.

Automobiles

Passenger 
Airlines

Agriculture

Steel 
Manufacturing

Lighting

Computer 
Systems

40 percent

121 percent

132 percent

167 percent

339 percent

2,857000 
percent

1978 2008
Energy-

efficiency 
Improvement

14.3 miles per 
gallon of gas

20.0 miles per 
gallon of gas

22.8 revenue
passenger miles

per gallon

50.4 revenue
passenger miles

per gallon

0.63 units of
output per unit
of energy use

1.46 units of
output per unit
of energy use

63 pounds of 
steel per MBtu

167 pounds of 
steel per MBtu

Incandescent 
light bulb— 13 

lumens per watt

Compact 
flourescent

bulb—
57 lumens per 

watt
1,400 

instructions
per second per 

watt

40,000,000
Instructions per 
second per watt
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Compared to the 1st Billion PC’s Installed
The 2nd Billion Will…

…consume half the energy of 1st billion PCs

…deliver 17x the computational capacity 

Source: Intel Microprocessor Marketing and Business Planning, 
and Intel iAG/PCCA Power Initiative team, PBCA-PPM
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The Effects of ICT on Environmental Sustainability

Environmental

Impacts

GHG 
Emission

E-Waste Hazardous 
Substances

Use of Scarce and 
Nonrenewable 
Resources

Immediate

Benefits from

Application Travel 
Substitution

Transportation 
Optimization

E-Business 
E-Government

Environmental 
Control Systems

Long term 
socio-

economic 
structural 

changes Energy 
Intensity

GHG 
Intensity

Transportation 
Intensity

Material 
Intensity

2%

98%

Source: Gartner
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Source: Greentech

WEBIST  2013 Brian DonnellanDominant Logics (Watson et al)

Question
How to 
survive?

How to farm?
How to manage 
resources?

How to create 
customers?

How to reduce  
environmental 
impact?

Dominant
issue

Survival

Production

Customer service

Sustainability

Key 
information 
systems

Gesture
Speech

Mathematics
Writing
Calendar
Money
Measures

Accounting
Economics
ERP
Project management
Digital computers

Ecommerce
CRM
Business analytics

Sensors
Simulation
Optimization
Design
Flow analysis
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Dominant Logic – Industrial Era (Watson et al.)
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Dominant Logic – Sustainability (Watson et al.)
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by sector 1840-2010

Agriculture

Industry

Services

WEBIST  2013 Brian DonnellanImplications for IS (Watson et al)

Reassess the socio-technical model to include natural systems as well as built

Flow network analytics

Big data from vast sensor networks

Symbiotic physical and informational modeling and simulation

The impact of information on consumer environmental behavior 
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Source: Dachis
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Smart Cities as a Platform for IT 
Innovation
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Global GDP growth
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Top 600 cities will grow 60% faster than World Population
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Systematic Literature Review “Sustainable Connected” Cities

WEBIST  2013 Brian DonnellanSustainable Connected City

…is an urban area that leverages its technological and

social infrastructure implementing people-private-public partnerships

supported by an innovative governance (in terms of policies,

leadership and proper on-going management principles), to enable

smart information services, aiming at improving its critical

capabilities.

Source: Giovanni Maccani
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2

1

1. Target Domains for evaluation

2. Top line services and KPIs within domains for evaluation

3. Evaluate with key stakeholder 
workshops  + citizen survey 

4. Top-line maturity report
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Technologically enabled innovation for resource efficiencies and city quality of life 

Movement & 
Transport

Community & 
Citizenship

Urban Places & 
Spaces Environmental 

Practices

Economy & 
Innovation Culture and 

Entertainment
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Economy and Innovation, that includes: Knowledge Activities (Education and R&D), Connectivity, Overall 
Competitiveness, Employment, FDI (Foreign Direct Investment), International Benchmarking, Shopping and 
Commerce, Tourism, Entrepreneur Support and Development.

Community and Citizenship, that includes: Governance and Participatory Democracy, Inclusive Access to 
Services, Community Engagement and Volunteering, Crime-Perception and Incidence, Public Safety, 
Housing, Poverty, Population, Healthcare, Third Sector and NGO Collaboration, Sports and Active 
Recreation.

Urban Places and Spaces, that includes: Existing Buildings, Outdoor Lighting, Public Space, Sustainable 
Use of Land, Planning, Urban Food Production, Urban Sprawl and Density of Development, Regeneration 
Activities.

Culture and Entertainment, that includes: Facilities Capacity and Attendance, Events and Festivals, 
Entertainment, Accessibility and Family Friendly, Nightlife, Support for the arts.

Movement and Transport, that includes: Air Travel, Sea Travel, Movement in the city, Use and Proximity to 
Public Transport, Quality of Road Network, Capacity for Public Transport, Cycling and Walking.

Environmental Practices, that includes: Water, Energy, Climate Adaptation, Noise Pollution, Waste 
Management, Air Quality, Biodiversity.

SMART CITY DOMAINS

WEBIST  2013 Brian DonnellanSmart City Matuirty Model
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Economy & 
Innovation

Community & 
Citizenship

Culture and 
Entertainment

Environmental 
Practices

Urban Places & 
Spaces

Movement & 
Transport

SMART CITY VALUE

SMART INFORMATION SERVICES

TECHNOLOGY
SOCIAL

INFRASTRUCTURE

- INSTRUMENTING
- INTERCONNECTING
- INTELLIGENCE

- KNOWLEDGE CITY
- CREATIVE CITY
- HUMAN CITY
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PARTICIPATORY DEMOCRACY

- POLICY CONTEXT
- LEADERSHIP

- ON-GOING MANAGEMENT

- 3P PARTNERSHIP
- LIVING LABS
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Source: Global Footprint Network

If consumption trends 
continue, we will need 
two Earths to support us

Smart behaviors get us here
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Conclusions 

The emergence of the City as a “platform”: opportunities and 
challenges.

We are missing a comprehensive, systematic and holistic 
approach to the challenge of IT and Energy.

Big business/government approaches to urban resilience and 
sustainability assumes underlying logics, ideology, production 
and consumption, but can we really plan out, technically 
solve, and alter in small increments individual behaviour 
which will make society sustainable?

– Governance and leadership

– Modes of consumption and lifestyle

– Social relations and formations

39
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