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1

Introduction

1.1

Introduction to Climate
Change

There is a strong consensus that climate change
presents an immediate challenge to the well-being of
all countries. The cost of climate change is unevenly
distributed among countries and is particularly
high for India, given its vast rural population and
overwhelming dependence on weather patterns. The
predicted effects of global warming on the Indian subcontinent vary from the submergence of low-lying
islands and coastal lands to the melting of glaciers
in the Himalayas, flash floods, threat to the flow of
many of the most important perennial rivers of India.
Some of the domino effects include adverse affects
on agriculture, food security, increasing intensity of
natural disasters, species extinction and the spread of
vector-borne diseases.

change, was formally unveiled in June 2008. The
NAPCC primarily aims at identifying potential
opportunities and delineating the path forward for
implementation of technologies that address India’s
twin needs: sustainable development and adaptation
and mitigation of GHGs in an accelerated manner. The
NAPCC outlines the focal components of the strategy
in the form of eight National Missions, representing a
multi-pronged, long-term and integrated strategy for
achieving key goals in the context of climate change.
Amongst these, the National Solar Mission, National
Mission for Enhanced Energy Efficiency, and National
Mission on Sustainable Habitat are key components of
the strategy for achieving climate change mitigation
related objectives.

National Solar Mission

The cost of addressing climate variability, given the
technological challenges, is daunting. However,
considering the impact of climate change on the
country, it is imperative to undertake nationally
appropriate actions to contend with the consequences.
While climate policies can include a variety of
measures, it is prudent for the country to focus on
a few of the options by identifying and stressing on
actions that are likely to be the most effective and
economical. Actions are required to be taken at two
broad levels - Mitigation and Adaptation. The IPCC
refers to mitigation as implementation of explicit
or implicit policies and / or measures of which the
primary goal is to reduce carbon dioxide (CO2) or a
broader range of greenhouse gas (GHG) emissions.
The IPCC refers to adaptation practices as actual
adjustments, or changes in decision environments,
which might ultimately enhance resilience or reduce
vulnerability to observed or expected changes in the
climate.

1.2

Introduction to National
Action Plan on Climate
Change (NAPCC)

The National Action Plan on Climate Change
(NAPCC), which endeavours to outline the strategy
for confronting the challenge of sustaining economic
growth while coping with the global threat of climate

National Mission for Enhanced Energy Efficiency

National Mission on Sustainable Habitat

National Water Mission

National Mission for Sustaining the Himalyan
Ecosystem

National Mission for a Green India

National Mission for Sustainable Agriculture

National Mission on Strategic Knowledge for
Climate Change

1.3

Need of the Study

In order to devise an effective framework of
actions for mitigation, it is necessary to consult
and review reliable supporting information on the
various mitigation options available, enabling wellinformed decisions towards making climate change
related efforts truly effective. With the intent of
compilation of strategic information, this study
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focuses on exploring potential GHG reduction
opportunities and energy efficiency opportunities
enabled through ICT solutions, with emphasis on
the energy intensive sectors that are identified in the
mitigation-related missions of the NAPCC.
Through this study, numerous opportunities have
been identified to deploy ICT solutions towards
attainment of these mitigation related objectives.
Along with the development and deployment of
novel technologies, ICT also has a critical enabling
role in integrating existing technology with target
efficiencies and results identified in the missions.
In addition to studying the ICT opportunities
and related GHG reductions, it is also important
to understand the barriers to widespread
implementation of these solutions and how best
the policy framework can be modified to create
an enabling ecosystem to realize this reduction
potential. With these objectives, the study takes a
critical look at barriers or roadblocks to broad-based

technology adoption and lists down the existing
policy framework for the implementation of these
three NAPCC missions and ICT adoption within
them. Finally, an attempt is made to suggest policy
recommendations that can lead to a refined policy
framework enabling wider use of ICT.
Through this exercise, the study aims to identify
possible investment areas for GHG abatement
enabled by ICT-based options. Given the reduction
potential of these solutions, they may yield
noteworthy results if found feasible and adopted as
priorities in the long-term mitigation plans of the
Government
Many Government departments/officials and public
and private industry experts have contributed with
their inputs and provided guidance for the study.
The report will be useful for industries, business
entities and Government bodies as a practical
reference while strategizing to adopt ICT for climate
change related goals.

Figure 1-1: Study Approach
To scan NAPCC Missions in detail for identifying opportunities enabled
through ICT solutions
To study the ICT solutions available in the identified sphere of opportunities
To identify the potential drivers/roadblocks for wide scale technology adoption
Evaluate the CO2 reduction potential of these options by 2030
To conduct a policy scan and recommend initiatives to actualize
opportunities through identified technology solutions
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2

Scope, Methodology
and Approach

2.1

Scope & Objectives

The scope of this study is ICT based opportunities
and related policy review for the Sustainable Habitat
Mission (SH).
The study attempts to quantify the energy savings
potential through the use of currently available ICT
solutions and their contribution in reducing the
GHG emissions in various sectors covered by the SH
mission in the country.
1)
Sustainable Habitat Mission: The mission
focuses on promoting energy efficiency in residential
and commercial sectors, and reducing GHG emissions
in urban transport and solid waste management. The
sectors covered in the study are:
a.

Energy Efficiency in Buildings (Residential
and Commercial)

b. Urban Transport
c.

2.2

Waste Management

Methodology & Approach

The study comprised of three phases.
Phase I
Desk Research: To scan various ICT-based
interventions to meet mission objectives under
NAPCC and the current policy environment for ICT
solutions.
Phase II
Consultation workshops: The relevant stakeholders
were identified and workshops were conducted to
share the objectives and methodology of the study.
Workshops were also conducted with an objective of
identifying ICT solutions that can be used to meet the
objectives of the specific missions. The workshops also
covered discussions on existing policy frameworks
and barriers to ICT adoption within the current
ecosystem.

Phase III
One–to-one interactions: The consultation workshops
were followed up with one-to-one interactions with
the identified stakeholders. The technology suppliers
were consulted to identify the available ICT solutions
and the potential drivers /roadblocks for the adoption
of these technologies. This was followed by discussions
with industry experts, industry associations and other
Government and non-government institutions, to
understand their opinion/experience and the possible
policy interventions related to ICT solutions.
Phase IV
The information shared by technology suppliers
and other stakeholders was reconfirmed/validated
by conducting secondary research, using publicly
available sources. The information was analyzed
and used to assess the total energy and GHG savings
potential in 2030, based on individual sectoral
projections and expected penetration of ICT solutions
in the sectors by 2030. A final compilation of policy
recommendations essential to achieve the savings
potential was also made along with a roadmap for the
adoption of the recommended policy.
The simplified approach used in this study to calculate
energy / GHG savings using various ICT solutions is
explained below:
i)

The current output and projected output for
2030 for each industrial sector has been obtained
from publicly available and reliable sources.
The sectoral output has been assumed to grow
at a compounded rate and the outputs for the
intermediate years have been calculated using the
Compounded Average Growth Rate (CAGR).

ii) The current specific energy consumption for each
sector has been obtained from publicly available
sources. The technology level in each sector has
been assumed to improve and the specific energy
consumption for each sector has been assumed to
reduce gradually each year.
iii) Currently available ICT solutions have been
assessed to calculate the energy saving and
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emission reduction potential; ICT solutions which
may be developed in the future have not been
considered.
iv) The energy saving potential of ICT applications in
each sector has been assessed through extensive
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discussions with industry experts.
Assumptions and data used along with the calculation
approach for estimating the energy saving and
emission reduction potential are detailed in Annexures
4.1 and 4.2.

3

ICT in Sustainable Habitat Mission

3.1

Executive Summary

Current Consumption and Emissions
Globally, transport is the second largest CO2 emitting
sector after electricity and heat production, while the
building sector accounts for more than 40% of energy
use. Although worldwide efficient technologies are
being developed and deployed in the sector on a
continuous basis, the total energy consumption has
still been rising. In India, it is anticipated that the steady
increase in GDP and increasing standards of living will
continue to drive consumption in these sectors. Hence,
as major contributors to greenhouse gas emissions in
the country, the buildings and transport sector, and
associated mitigation options are vital focus areas of
the NAPCC mitigation strategy. The inefficient solid
waste management in the country also contributes to
increased GHG emissions. The energy consumption
patterns and subsequent GHG emissions from each
of the focus sectors of the Sustainable Habitat Mission
for the year 2020 are depicted in figure 3-1:

ICT for Habitat
With respect to abatement of GHG emissions in
the transport sector, three key ICT solutions have
been explored: mobility management systems,
supply chain and logistics optimization systems,
and telecommuting and virtual meetings. The first
two solutions have the potential to significantly
enhance the effectiveness and efficiency of surface
transportation systems through advanced applications
in information systems, communications and sensors.
The third solution can significantly aid in reducing
emissions in the transport sector by reducing travel.
For the buildings sector, it is fortunate that most of the
ICT options for achieving increased energy efficiency
are economically viable and available in the market.
Also, the sector has one of the highest climate change
mitigation potential through the use of commercial
technologies and practices.
Energy consumption during the operation phase of

Figure 3‑1: Sector wise GHG Emissions in the year 2020 and 2030 in Business As Usual (BAU)
Scenario
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buildings is driven by two factors – energy intensity
and floor area. ICT enabled monitoring, feedback
and optimization tools can be used to reduce these
factors at every lifecycle stage of a building. ICT
also offers ample waste management solutions that
can significantly enhance efficiency, economy and
traceability in the sector. ICT solutions can provide
significant cost benefits for the financially unviable
municipal solid waste sector by automating various

aspects of municipal solid waste operations, thus
enabling more intelligent waste management
systems.
Another significant advantage of ICT is the
contribution that it can make towards reducing the
overall quantum of waste generation in the country
(excluding e-waste) by propelling the economy
towards a more service centric pathway.

Figure 3‑2: GHG emission saving potential of ICT (moderate penetration)

Figure 3‑3: GHG emission saving potential of ICT (high penetration)
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2020

2030

Cost savings per annum due to ICT solutions

INR 26300 crore

INR 106400 crore

Investment required for implementation
of ICT

INR 87500 crore

INR 262500 crore

Potential Savings
Full-scale adoption of available ICT solutions coupled
with policy interventions can lead to significant CO2
reduction in these three sectors. Through this report, we
have endeavoured to quantify this reduction potential.
It is to be noted that reliable projections for motorized
mobility, building space and dematerialization are
not available from any single source; they have been
compiled from various literature and interviews to
estimate the trend of baseline emissions from the
focus sectors. One of the most difficult sectors to
determine and predict greenhouse gas emissions
from is the transport sector, as there are numerous
small emission sources and, additionally, it has a
close relationship with economic development. It
is also very difficult to predict the effectiveness of
solutions for the buildings sector, as the quantum of
savings enabled by these technologies differs widely
from building to building, depending on operator
efficiency, occupancy patterns, climatic parameters,
building characteristics, usage profiles, etc. However,
it is seen that the judicious implementation of ICT
based solutions in these sectors can yield significant
GHG emission reductions in the 2030 scenario. For
the third focus sector, only dematerialization options
have been focused upon as measures to reduce solid
waste generation, as reduction from recycling are
found to be low.

assembly and manufacturing costs, and other
relevant taxes. It should be noted that the investment
required for ICT solutions represents the current day
costs. The various parameters that may influence
the cost of the ICT solutions are not considered.
Variations due to change in economic parameters
like inflation, economies of scale, standardization and
regulations pertaining to ICT, incentives/subsidies for
ICT implementation, etc., have not been considered
while estimating the investment required for ICT
implementation.
Moreover, technological advancement in ICT solutions
or localization of existing ICT solutions has also not
been considered to estimate the investment figures.
The total investment required for implementing and
achieving moderate penetration of ICT solutions in
the Sustainable Habitat Mission sectors is estimated
at INR 87,500 crore by 2020 and INR 2,62,500 crore
by 2030.

Cost Savings Due to Implementation of
the Identified ICT Solutions

In order to evaluate the financial aspect of adopting
ICT solutions, a simple payback analysis has been
carried out. The analysis has been carried out
assuming the whole investment required by 2020
and 2030 for moderate ICT adoption, is invested in
the present year and at present day’s costs, without
incorporating improvements in future technologies.
This is presented in the figure above.

The total cost savings per annum that can be achieved
in the years 2020 and 2030 by adopting the identified
ICT solutions has been calculated from the estimated
energy savings due to moderate ICT penetration and
the corresponding cost of fuel/energy saved (like coal,
diesel, natural gas, naphtha, etc.). It should be noted
that the fuel/energy costs represent current costs.
The various parameters like escalation, regulation,
inflation, etc., that may influence the fuel/energy
cost are not considered. As per the above analysis,
the simple payback period for implementing ICT
solutions in the sectors covered under the study is
approximately 40 months for the year 2020 and 29.6
months for the year 2030.

Investment Envisaged for Implementing
the Identified ICT Solutions

Improving Energy Efficiency through ICT
Adoption

The cost of the ICT solutions include various cost
components like imported and local component
costs, customs and excise duty, consultancy charges,

Various initiatives have been introduced in the recent
past, both at economy level and specifically for the
habitat sector that aim to increase energy efficiency
and sustainability:
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l

Establishment of BEE (2002)

l

Launch of standards and labelling schemes
(2006)

l

Release of ECBC code (2007)

l

Establishment of NAPCC (2008)

l

Announcement of voluntary carbon emission
intensity reduction (by 20-25 % by 2020, with 2005
being the base year) (2010)

solutions in the focus sectors of the mission, and a
number of these solutions are commercially available,
the penetration of these solutions in the market is low.
There are a number of barriers ranging from generic
roadblocks, such as lack of awareness, to more sector
specific constraints, such as lack of financial resources
at the level of urban local bodies (ULBs), that need to
be addressed before we can fully realize the potential
role of ICT in the National Mission on Sustainable
Habitat (NMSH). The policies and initiatives required
by the stakeholders will have to be designed in such a
way that they address one or more of these barriers.

l

12th Five Year Plan being based on low carbon
growth strategy (2010)

The key barriers that inhibit the full-scale adoption of
ICT in the habitat sector are given in box below.

l

Constitution of an Expert Group by the Planning
Commission to define the country’s roadmap
towards becoming a low carbon economy (2010)

Review of Prevailing Policy Framework

l

Release and approval of the mission document on
Sustainable Habitat (2010)

All these developments are the right steps towards
the goal of sustainable habitat. ICT based solutions
can play a critical role in this transition towards a
higher energy efficiency and low carbon emissions
habitat. However, to fully realize the potential benefits
through ICT, a conducive ecosystem that addresses all
barriers to ICT adoption and encourages adopters to
opt for these solutions needs to be defined.

The Government of India has taken various steps,
such as equipment labelling programme, the National
Urban Transport Policy (NUTP) and framing of the
Energy Conservation Building Code (ECBC) to
promote energy efficiency and to reduce the impact
of climate change in the sectors covered by the
Sustainable Habitat Mission.

Although there is substantial potential for achieving
energy efficiency through the application of ICT

In the transport sector, existing policies under NUTP
and the Jawaharlal Nehru National Urban Renewal
Mission (JNNURM) can be expected to have an impact
on the use of ICT solutions in multi-modal urban
transport systems. Some of the specific provisions,
such as introduction of intelligent transport systems,
parking complexes monitored by smart meters and
Central Government collaboration with technology
providers are expected to set the stage for greater ICT
adoption towards an efficient transport system.

Demand side barriers

Supply side barriers

Barriers to ICT Adoption

l Lack of awareness

l Lack of financing mechanisms

l Lack of skilled manpower

l Lack of standardization

l High cost of ICT solutions

l Limited alternatives on the supply sides

l Unavailability of benchmarks
l Lack of incentives for builders to consider ICT for energy efficiency
l Demand side constraints of urban transport sector
l Demand side constraints of municipal
waste management
l Barriers faced by data centres
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In the building sector, existing policies related to
energy efficiency are coordinated by the Bureau
of Energy Efficiency (BEE). BEE’s standards and
labelling scheme is aimed at reducing energy use
by high energy consuming domestic and industrial
equipment. The scheme promotes energy consumption
standards in such equipment and creates demand
side awareness by promoting the use of labels
indicating the energy consumption requirements of
such equipment. Framed in 2007, the ECBC is another
BEE programme targeted at the building sector. The
code sets minimum energy efficiency standards for
new commercial buildings. BEE has also created a star
rating programme that rates commercial buildings on
the actual energy consumption. The ECBC scheme is
currently in the voluntary phase, but is expected to
be made mandatory in the near future. Other policy
initiatives targeted at promoting energy efficiency
in the building sector include the Bachat Lamp
Yojana (BLY), the Energy Saving Companies (ESCO)
programme, empowerment of state-level agencies
and creation of state energy conservation fund.

2.

Fiscal incentives for facilitating adoption of
energy efficient ICT solutions;

3.

Establish a national intelligent transport system
plan and supporting infrastructure;

4.

Assist in energy efficient ICT solutions
standardization and localisation
a. Facilitate standardization
b. Encourage R&D through institutional and
financial support;

5.

Provide impetus to the sector by applying ICT for
policy implementation;

6.

Incentives to streamline logistics; and

7.

Regulatory steps to improve adoption of ICT
solutions solid waste management.

In the area of water supply and waste management,
schemes such as JNNURM, the manual on municipal
and solid waste management (1998–2000) and the
National Urban Sanitation Policy (2008) provide a
base for existing policy framework.

1. Inclusion of ICT based solutions in emission
reduction targets of the National Mission for
Sustainable Habitat (NMSH) plan: Despite having
huge potential, the country currently does not have
defined targets for leveraging ICT for achieving the
objectives of NMSH. Several countries are taking steps
to outline the role of ICT in creating a sustainable
habitat through targeted initiatives for buildings and
urban transport. To fully realize the benefits of ICT,
a dedicated sub-group should be created within the
NMSH to define the roadmap on how best to leverage
the technology towards mission objectives. The group,
in turn, can have individual focus areas that target
the use of ICT in buildings, urban transport, waste
management and urban planning.

Thus, schemes and programmes such as the ECA, BEE,
ESCO, JNNURM, NUTP and NUSP along with the
mission document (NMSH under NAPCC) form the
existing policy framework for the Sustainable Habitat
Mission. While the existing frameworks refer to ICT
as an enabler to achieve efficiency and performance
(e.g., intelligent transport system), policies that
directly promote ICT adoption towards the mission
objective need to be defined.

Recommendations for Sustainable
Habitats through ICT Adoption
The actions for the increased ICT adoption towards
NMSH can be categorized into seven key areas.
While these are separate categories addressing
different areas, they will only be effective if they are
implemented in a collective and well-coordinated
manner. They are:
1.

Inclusion of ICT based solutions in emission
reduction targets of the National Mission for
Sustainable Habitat (NMSH) plan;

Actions in these seven identified categories are
discussed in brief below:

2. Fiscal incentives for facilitating adoption of
energy efficient ICT solutions: One of the primary
challenges for greater adoption of ICT in the habitat
sector is the high initial cost of the solutions. Many
beneficiaries,   for example the urban local bodies
(ULBs), do not possess the financial resources to
implement the high-cost solutions. The policymakers need to address this challenge by considering
incentives on both the supply and demand side as well
as providing funding support to specific initiatives.
The supply side fiscal incentives can be in the form of
reduced taxes/duties and accelerated depreciation of
the solutions.
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3. Establish a national intelligent transport system
plan and supporting infrastructure: The national
intelligent transport system plan prepared under
the guidance of the inter-ministerial core group
on ITS should evaluate the ICT solutions and their
applicability in the Indian scenario. It should define
standards and protocols to be followed. A specific
fund should be set aside in the next Five-Year Plan
for the implementation of the national intelligent
transport system plan.
4. Assist
in energy efficient ICT solutions
standardization and localisation: Presence of
multiple protocols and existence of high percentage
of imported components leads to the high overall
cost of technologies. The lack of standards also
leads to implementation issues in terms of interface
development and replacements. There is a need
to promote standardization on both supply and
demand side to address these challenges. The
standardization on the supply side can be in the form
of interoperability of various technology components
supplied by different suppliers. On the demand side,
standardization can be in the form of uniformity of
procurement norms for various ICT equipments, such
as the smart meters. Localization of technology to suit
domestic requirements is another way to reduce the
cost of the solutions.
5. Provide impetus to the sector by applying ICT for
policy implementation: In addition to the ICT-based
solutions that can reduce the energy requirements
of the habitat sector, there are other more traditional
uses of ICT that will be equally important for the
successful implementation of NMSH. The effective
design and implementation of the mission policies
will necessitate accurate base-lining of energy usage
as well as regular monitoring of various KPIs. ICT
base reporting platforms can play a critical role in this
respect. ICT will also play a crucial role in equipping
policy-makers and end users with reliable and in
some cases real-time information that will make
them conscious of the effect of their action on the
environment. Such ICT-led changes in consumption
patterns will contribute significantly to the overall
objective of NMSH.
6. Incentives to streamline logistics: Inclusion of
transport in the Perform Achieve and Trade (PAT)
scheme will help in incentivizing GPS/GIS based
solutions to companies engaged in logistics related
operations. A rating similar to the star rating can
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be given to logistics providers. A shared digital
infrastructure can be set up by the Government for all
logistics providers in each area.
7. Regulatory steps to improve adoption of ICT
solutions solid waste management: There is huge
financial and human capital currently being employed
in this sector. This sector is highly unorganized and
hence extremely inefficient. A regulation mandating
the use of GPS tracking system needs to be put in
place. It should also be mandatory at the municipal
level to create an MIS system for planning purposes.

3.2

Mission Overview

The National Mission on Sustainable Habitat is a
key component of the strategy for achieving climate
change mitigation related objectives in the National
Action Plan on Climate Change. The mission focuses
on GHG emission reduction opportunities in three
integral components of urban planning- buildings,
municipal solid waste and transport. Through this
mission, the NAPCC seeks to encourage energy
efficiency in buildings, improved management of
solid waste and better urban planning leading to
efficient and convenient public transport.
Some of the initiatives outlined in the mission aim
at promoting energy efficiency as a central objective
of urban planning by extending the existing Energy
Conservation Building Code, strengthening the
enforcement of automotive fuel economy standards,
promoting investments in development of high
capacity public transport systems, using pricing
measures to influence purchase and use of vehicles,
and encouraging effective waste management and
recycling, among others.
Through this study, we have attempted to explore
the extent to which information and communication
technology (ICT) solutions can contribute towards
meeting these objectives of the mission.
Although ICTs constitute an industry in their own
right, however, due to their pervasive nature, their
presence is crucial to a number of sectors of the
economy, where they act as integrating and enabling
technologies. ICT can have three kinds of GHG
impacts, namely direct, indirect and systemic impact.
The study focuses on only the direct and indirect
impacts of ICT on GHG emissions from the focus
sectors of the mission, owing to the uncertainties and

complexities involved in estimating and predicting the
GHG impact of the rebound effects of implementing
ICT solutions. ICT is seen to offer large possibilities
of energy savings in the focus sectors of the National
Mission on Sustainable Habitat – buildings, urban
transport and municipal solid waste.
The NAPCC acknowledges that ‘maintaining a
high growth rate is essential for increasing living
standards of the vast majority of people and reducing
their vulnerability to the impacts of climate change’.
To support the level of economic activity required to
sustain a high growth rate, urban areas must provide
for the easy and sustainable flow of goods and
people, and sufficient building space to expand urban
activities into.

However, achieving this objective is difficult because
of the corresponding growth of urban population,
which puts enormous pressure on transport systems.
Although this issue is common to almost all countries
of the developing world, the extreme poverty and
low per capita income of India further adds to the
challenge and makes it exceedingly difficult to resolve.
In the presence of multiple developmental goals and

limited resources, it becomes difficult to pursue the
task of investing in progressive technologies to tackle
this issue. Given the low operating revenues of the
public transportation system, routine maintenance
and vehicle replacement are rendered unaffordable,
let alone modernization and expansion. The National
Urban Transport Policy acknowledges this reality and
also stresses on the dissimilarities between Indian
cities (in terms of their population, area, urban form,
topography, economic activities, income levels,
growth constraints, etc.), that necessitates formulation
of strategies specific to individual city features.
The transport options for sustainable development
considered in the mission include efficiency
improvement in different modes of transport,
enhanced use of public transportation and rail-based
movement, use of cleaner fuels, including renewables,
tightening of fuel economy standards, greater use of
non-motorized vehicles and use of battery operated
vehicles. However, the NAPCC recognizes that roadbased transportation is the main source of GHG
emissions, and promotes travel through railways,
coastal shipping and inland waterways only as an
option of easing the burden on road-based movement.
In concordance with these objectives, the study
primarily focuses on ICT solutions for road-based
transportation. Further, the annual rate of growth of
road vehicle population in India has been distressingly
high, intensified by its concentration in few select
cities, particularly the metropolitan areas. Thus, the
focus of this study with regard to road transport is
limited to the most congested cities, where the benefits
that can be reaped by implementing ICT solutions
are felt to be the maximum and sufficient enough to
render returns on investment worthwhile. The supply
chain and logistics sector has also been explored for
applicable ICT solutions and the potential energy
savings possible through their implementation.
Where the buildings sector is concerned, the NAPCC
mentions, ‘on an average, it is estimated that the
implementation of energy efficient options would
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help in achieving around 30% electricity savings in
new residential buildings and around 40% electricity
savings in new commercial buildings.’ Another
study1 suggests that the potential for energy savings
is 40–50% in buildings, if energy efficiency measures
are incorporated right from the design stage. For
existing buildings, the potential can be as high as
20-25%, which can be achieved by implementing
housekeeping and retrofitting measures. Through
this study, we have attempted to quantify the direct
savings from ICT solutions, which contribute to this
effect for commercial buildings in India, and also
provide a break up of savings attainable through each
individual ICT enabled measure.
For municipal solid waste management, the NAPCC
focuses on recycling of material, urban waste
management and development of technology for
producing power from waste as the key application
areas. The NAPCC articulates that although India
has a significantly higher rate of informal recycling of
waste compared to developed countries, as addressed
in the National Environment Policy 2006, which
provides for strengthening systems of collection
and recycling and enhancing their access to finance
and technology, this remains a thrust area. Another
aspect that has been accorded importance is the
development of technology for producing power
from waste. It is also stated that the National Mission
will include a major R&D programme focus¬ing on
bio-chemical conversion, waste water use, sewage
utilization and recycling options, wherever possible.
ICT has ample waste management solutions to offer
that can significantly enhance efficiency, economy,
and traceability in the sector. ICT solutions can
provide significant cost benefits for the financially
weak municipal solid waste sector by automating
various aspects of municipal solid waste operations,
thus enabling more intelligent waste management
systems. Another significant advantage of ICT is the
contribution it can make towards reducing the overall
quantum of waste generation from the country
(excluding e-waste) by propelling the economy
towards a more service centric pathway.
The NAPCC also talks about mitigation and
adaptation aspects of water supply and waste water
management. This area has been further classified
into the following:
Energy Efficiency in building design and construction, CII, IGBC
International Energy Agency (IEA), Transport, Energy and CO2: Moving Toward Sustainability
3
International Energy Agency, CO2 emissions from fuel combustion
1
2
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l

Water resources management and drinking water
supply in urban areas

l

Waste water management

l

Urban storm water management

Rainwater harvesting, groundwater recharge and
efficient waste water treatment plants have been
discussed in detail in the mission document. This
report, however, does not discuss the ICT solutions for
water and waste water management, since this sector
has been covered in more detail in the National Water
Mission. We are preparing an exclusive ICT report
on the adaptation missions, including the National
Water Mission.

3.3

Energy Consumption and
Emission Overview

Global Scenario
Transport
The transport sector accounts for nearly one-quarter
of global energy-related CO2 emissions.2 However,
this figure is anticipated to increase manifold, as
car ownership worldwide is set to triple to over
two billion by 2050, along with an increase in road
freight traffic and air travel. These trends will lead to
increased transport energy use, resulting in higher
growth rate in CO2 emissions. In light of this fact,
there is increasing consensus that targets for CO2
reductions in the post 2012 framework should be
pushed to address and include the transport sector.
It can be inferred from the graph (figure 3-4) that
transport is the second largest CO2 emitting sector
after electricity and heat production.3 The graph
(figure 3-5) depicts the share of GHG emissions from
different modes of transport compared to the overall
GHG emissions from transportation. It can be inferred
that road transport is responsible for the highest share
of emissions globally (around two-thirds).
Buildings
Worldwide, the building sector accounts for more than
40% of energy use. Although progressively efficient
technologies are being manufactured and deployed

Figure 3‑4: World CO2 emissions by sector
in 2006

Figure 3‑5: Consumption of petroleum products
by the transport sector

Source: International Energy Agency, Energy Balances of OECD Countries and Energy balances of Non- OECD countries (2008)

in the sector on a continuous basis, the total energy
consumption has still been rising. While a number of
policy instruments are utilized globally to promote
building energy efficiency, even the most progressive
developed countries have not been successful to a
sufficient extent. In 2004, the total GHG emissions
in Annex 1 countries was 18 Gt CO2, and emissions
from the building sector alone were 10.6 GtCO2 (IPCC
2007). According to a recent study, the worldwide
energy consumption for buildings will grow by 45%
from 2002 to 2025 – where buildings account for about
40% of energy demand out of which 33% is from
commercial buildings.
In many countries, specially developed countries,
buildings are the largest contributors of CO2
emissions. For example, the 160 million buildings
of the EU are estimated to account for over 40% of
Europe’s energy consumption and carbon dioxide
emissions. According to the US Energy Information
Administration (EIA), the share of energy and GHG
associated with buildings is even larger in the US,
approximately 48% of the total GHG emissions from
the country. However, for developing countries, the
share of buildings in total energy use and emissions
is comparably lower. For example in China, emissions
from the building sector account for approximately
4

10% of the total GHG emissions. According to a study
(IDC), buildings/ lighting/ heating account for nearly
6% of the total GHG emissions from India. However,
the associated energy use varies widely across building
types, climactic zones and other related factors.

Indian Scenario
Transport
The steady increase in per capita GDP continues to
drive increasing demand for mobility and vehicle use
in India. The transport sector is a major contributor
to air pollution as well as CO2 emissions in densely
populated urban India. Passenger mobility in urban
India relies heavily on its roads, as rail-based and airbased transport services are available in only select
cities.
The transport sector in India consumes about 16.9%
(36.5 mtoe: million tonnes of oil equivalent) of the total
energy consumption (217 mtoe in 2005–2006). Various
energy sources used in this sector are coal, diesel,
petroleum (gasoline) and electricity. Transportation
through road, rail and air are responsible for CO2
emissions of around 80%, 13% and 6%, respectively.4
Historically, the rapid increase in number of vehicles

Emissions from India’s transport sector”,T.V. Ramachandra, Shwetmala, Statewise synthesis, 2009
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Figure 3‑6 : Baseline energy and emissions from transport

and travelling distance has resulted in higher
consumption of energy, with an average annual
growth rate of 2.9%.5 The urban population of India,
which constitutes 28% of the total population, is
predominantly dependent on road transport. In
India, around 80% of passenger and 60% of freight
movement depends on road transport.6
Buildings
India is the second most populated country in the
world, accommodating over 120 crore people in
diverse climatic zones. Owing to the rapid growth in
infrastructure, especially in the commercial sector and
the substantial rural to urban shift of the population,
India’s building sector is expected to grow at a brisk
pace. Construction in both commercial and residential
sectors contributes significantly to the economy,
approximately 6.5% of the GDP. These sectors, in turn,
consume substantial quantum of energy throughout
the lifecycle of buildings, contributing to around 6%
of India’s total GHG emissions.
As a major contributor to greenhouse gas emissions
from the country, the buildings sector and the
associated mitigation options available are a vital
focus of the NAPCC mitigation strategy. According

to a study,7 building stock is likely to grow more
than five-fold by 2030 compared to 2005, and will
be accompanied by an increase in energy intensity,
with rising affordability and reach of electricity and
modern appliances like air-conditioners. Given, the
massive expansion of buildings and increased use of
appliances up to 2030 and beyond, India needs to make
concerted efforts to bring down energy consumption
of the sector. Further, retrofitting existing buildings to
incorporate identified ICT solutions is difficult and
expensive. A major portion of the total energy saving
potential in the sector lies in new buildings, as it is
easier to incorporate energy efficiency measures and
identified ICT solutions in new buildings. Since threefourths of the buildings and appliances that will be
used in 2030 are yet to be built, India is presented with
a rather unique opportunity to reduce the specific
energy consumption of its buildings sector. In a bid to
capitalize on this opportunity and tackle the threat of
increasing energy consumption of the building sector,
the government has unveiled a number of energy
efficiency programmes and standards for existing and
new buildings (Figure 3-7).
A very specialised category of commercial buildings
are data centres. Also called server farms, they
are facilities used to house computer systems and

Emissions from India’s transport sector”,T.V. Ramachandra, Shwetmala, Statewise synthesis, 2009
Ministry of Finance, 2000
7
Environmental and Energy Sustainability: An Approach for India, 2009, McKinsey & Company
5
6
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associated components. Annual costs for a data
centre can be 30-80 times that of a standard office
building, with energy having the maximum share of
its operating costs. Although the operation of data
centres is very energy intensive, the total emissions on
account of them are not very significant due to their
limited presence.
Moreover, data centres are not part of the National
Mission on Sustainable Habitat, hence, emissions

arising from data centres have not been accounted for
in the total emissions from the building sector
However, an attempt has been made in the report
to discuss the various energy saving options. Data
centres are projected to consume 22 PJ and 47 PJ of
energy in the years 2020 and 2030, respectively. The
corresponding GHG emissions due to data centres are
projected to be 5 million tonnes and 11 million tonnes
in the years 2020 and 2030, respectively (Figure 3-8).

Figure 3‑7 : Baseline energy consumption and emissions from commercial buildings

Figure 3‑8: Baseline energy consumption and emission from data centres
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Municipal Solid Waste
Municipal solid waste management continues
to be one of the most unprofitable and neglected
areas of urban development in India. However,
considering the health, and environmental (including
GHG emissions) implications of the sector on the
population, it is imperative for the country to focus
on the wide range of operations of solid waste
management to ensure efficiency of collection and
disposal.  The inefficient and neglected state of solid
waste management contributes to increased GHG
emissions from untreated solid waste.
The emissions from the solid waste sector increased
at a CAGR of 7.3% from the year 1990 to 2000, and
reached 2,863 million tCO2 in 2000, almost 2% of the
total GHG emissions from the country. The recyclable
content of the solid waste has also been increasing
by a significant percentage. However, the quantity
of recyclable waste reaching disposal sites is fairly
low due to the high rate of informal recycling / reuse.
Although this quantum of recyclable waste to be
treated is low, it is still regarded as significant enough
to pursue as a key mission objective.
With regard to direct ICT implications on the sector,
it is worthwhile to mention that more than 332,000
tonnes of e-waste was generated in India in 2007
and the same is expected to touch 467,000 tonnes

Figure 3‑9 : Baseline emissions from Solid Waste
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by 2011 and is likely to increase to 800,000 tonnes
by 2012. Three categories of WEEE (waste electronic
and electrical equipment) account for almost 90% of
e-waste generation:
l

Large household appliances: 42.1%

l

ICT equipment:33.9%

l

Consumer electronics: 13.7%

The ICT equipment segment is fast growing with
regard to its contribution to e-waste. In India, e-waste
is mostly generated in large cities like Delhi, Mumbai
and Bangalore. However, there is no large-scale
organized e-waste recycling facility in India, which
can accommodate this quantum of e-waste.
Sixty-five cities in India generate more than 60% of its
total e. Similarly, 10 states generate 70% of the total
e-waste. Maharashtra ranks first followed by Tamil
Nadu, Andhra Pradesh, Uttar Pradesh, West Bengal,
Delhi, Karnataka, Gujarat, Madhya Pradesh and
Punjab. Among the top 10 cities generating e-waste,
Mumbai ranks first followed by Delhi, Bangalore,
Chennai, Kolkata, Ahmedabad, Hyderabad, Pune,
Surat and Nagpur. Mumbai generates 23,000 tonnes
of e-waste every year while Bangalore’s innumerable
IT (information technology) and related companies
produce 11,000 tonnes of e-waste every year.

3.4

Available ICT Solutions for
Enhancing Energy Efficiency

3.4.1 Transport
For the transport sector, the NAPCC recognizes
that policy and technological measures can lead to
significant energy and emission savings. This section
attempts to identify and delineate such ICT solutions
that are currently available in the market and can
contribute significantly to fuel / energy savings in the
transport sector. Subsequently, the study assesses the
quantum of emission savings possible through the
implementation of these ICT solutions and suggests
alterations in the accompanying policy framework to
enable effective realization of energy savings.
Road transportation is the predominant mode of
transport for movement of both passengers and goods
in India, passenger mobility through air and water
being insignificant in comparison8 (road, rail and air
are responsible for 80%, 13% and 6%, respectively,
of total transport GHG emissions). Road transport,
in turn, is almost entirely dependent on fossil fuels,
which are the principal source of the sector’s GHG
emissions. Although, as a long-term strategy, reducing
GHG emissions will eventually require decarbonising

8

the transport sector, however, for the short-term,
relatively economical reductions can be achieved
through the implementation of ICT solutions. Rail
transportation, which is the next most availed of mode
of transport, is being covered separately as a part of
the National Mission on Enhanced Energy Efficiency
for which it is a focus sector.
One of the solutions emphasized by NAPCC for
GHG emission reduction from the transport sector
is to augment public transport so that road space
can be used more efficiently to carry passengers at
greater speed. ICT can play a vital role in promoting
the cause of public transportation, which is one
of the key mission objectives, by enhancing road
movement efficiency. Although in absolute terms,
the largest quantum of reduction in GHG emissions
may not be anticipated from mitigation measures
in the transport sector, however, many of these
measures are relatively low-cost and may be taken on
priority on the basis of marginal abatement costs. By
focusing on these cost-effective solutions for transport
sector GHG mitigation, the Government can avoid
significant expenditure and still be able to deliver
substantial savings. Further, this kind of technological
innovation has the potential to deliver larger emission
reductions at a faster pace compared to changes in

“Emissions from India’s transport sector”,T.V. Ramachandra, Shwetmala, Statewise synthesis, 2009
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travel and settlement patterns. Thus, implementing
ICT solutions can be the relatively economical answer
for the sustainable development of this sector.
With respect to GHG emissions abatement in the
transport sector, three key ICT solutions have been
explored, namely mobility management systems,
supply chain and logistics optimization systems, and
telecommuting and virtual meetings.

3.4.1.1 Mobility Management Systems
Mobility management systems encompass a broad
range of wireless and wired ICT solutions that have
the potential to significantly enhance the effectiveness
and efficiency of surface transportation systems
through advanced applications in information
systems, communications and sensors. Mobility
management using intelligent transport systems has
been identified as one of the key mitigation measures
in the mission document.
Although these systems have globally been installed,
motivated primarily by the perceived need for
homeland security, when integrated into the
transportation system infrastructure, or in vehicles,
they can monitor and manage traffic flow, reduce
congestion and enhance productivity and safety.
Designed to communicate continuous real-time
information, management systems like intelligent
traffic management systems can stabilize traffic
flow by providing real-time information on incident
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locations, travel times, congested corridors and transit
vehicle information at multi-modal centres.
This study focus primarily on two forms of intelligent
mobility management systems- Intelligent Traffic
Management System and Intelligent Public Transport
Systems.

Intelligent Traffic Management Systems
ITMS encompasses a wide range of ICT enabled
tools for managing transport networks. Also called
‘transport telemetrics’, these tools are based on
three core principles- information, analysis and
dissemination. These tools are capable of offering
real-time information about current traffic conditions
for a network and online information for journey
planning, which enables authorities, operators and
individual travellers to make better informed and
more coordinated decisions.
These systems vary in technologies applied, from
basic management systems, such as car navigation;
traffic signal control systems; variable message signs;
automatic number plate recognition or speed cameras
to monitoring applications, such as security CCTV
systems; to more advanced applications that integrate
live data and feedback from a number of other sources,
such as parking guidance and information systems;
and weather information systems.
The ICT building blocks of a basic to slightly advanced
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ITMS are the following:
1.

Day and night ‘online’ monitoring of traffic at
intersections and on the roads on continuous
basis though various hardware components.

2.

Analytical software for analyzing video receipt
from camera for definite incident detection and
management.

3.

Intelligent video surveillance system capable of
reading the registration (APNR) number in Indian
conditions.

4.

Communications of useful traffic related
information to the motorists utilizing variable
message signs, global system of mobile
communication, internet, etc.

5.

Intelligent radio frequency identification traffic
control for dynamic traffic light sequence.

6.

Device indicating digitized location of traffic police
and other resources to deal with emergencies.

7.

Centralized command and control centre with
facility of ‘online’ real-time display on video wall
slides with ability to indicate:
a. Volume of traffic on roads
b. Flagging of accidents
c. Availability of traffic police vehicles on GPS
and vehicle tracking system
d. Any other information relating to traffic
violation/management

8.

ICT solutions for generating statistics and incident
management reports

Intelligent RFID traffic control for dynamic traffic light
sequence is an innovative mechanism of managing
traffic and reducing delays and congestion. The
operations of standard traffic lights, which are currently
deployed in the country, are based on predetermined
timing schemes, which are fixed during installation
and remain the same until further resetting. Although
every road junction by necessity requires a different
traffic light timing set-up, many existing systems
operate with an over-simplified sequence. In such a
situation, an intelligent and efficient traffic lighting
control system, having the capacity to identify a
9

“Intelligent Transport - How cities can improve mobility”, IBM
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number of parameters that represent the status of
the road conditions and act accordingly, can deliver
significant savings. Most of the present intelligent
traffic lights are sensor based, with a certain algorithm
that controls the switching operation of the system
and without any inbuilt intelligence. When some
unpredictable situation develops, or when congestion
occurs, there is no smart way of dealing with such
developments. Properly timed signals – with inbuilt
intelligence – can help alleviate or avoid these crisis
situations.
How ITMS achieves GHG emission reductions
Fuel economy is linked both to average speed and to
the relative proportion of acceleration to steady state
driving over a given distance. Congestion influences
this behaviour of traffic streams in which vehicles
operate and determines the overall fuel intensity of
the vehicle. The economic cost of severe congestion
is estimated to be as high as 1% to 3% of GDP in
developed and developing countries.9
In the absence of robust transport management
measures to tackle congestion, there is a consistent and
expanding gap between official fuel economy ratings
of vehicles and actual achievable fuel economy on the
road. This may negate the impact of other fuel saving
measures and considerably reduce effectiveness of
policies seeking to reduce GHG emissions by targeting
fuel efficiency.
Congestion can be decreased by enlarging traffic
capacity at bottlenecks, adding new capacity by
planning and managing existing capacity better,
for example though ICT solutions falling under the
Intelligent Traffic Management Systems.
How does better traffic and congestion management
contribute to decreased carbon emissions?
Although reducing congestion and increasing the
carrying capacity by mobility management initiatives
may induce additional traffic, in many circumstances,
overall traffic emissions are likely to reduce due to
optimization of operating speeds. It is anticipated,
however, that traffic management will slowly deliver
lower relative gains in GHG emissions reduction
as vehicle efficiency improves throughout the fleet.
Even so, traffic management measures are practical

measures to implement, since increased fuel efficiency
in the absence of congestion or demand management
policies will still result in GHG emissions that are
higher than optimal levels. Further, traffic management
measures also deliver important co-benefits apart
from energy savings such as improved air quality,
noise, comfort, etc.
Speed of traffic: On an average, it is estimated that to
provide a congestion free drive and to optimize fuel
efficiency, average traffic speed should be close to 45
km/hour; however the optimum speed varies with the
type of vehicle.
Studies carried out by different agencies in Delhi
show that peak hour speed has dwindled drastically.
A Central Road Research Institute (CRRI) study of
2006 shows that during the morning and evening
peak hours, 55-60% of major arterial roads in the
capital city have travel speeds of less than 30 kmph.
Even during off-peak hours, 40-45% of major arterial
roads in the capital city have travel speeds less than 30
kmph. About 20% or more of the arterial road network
is highly congested, with travel speeds falling below
20 kmph throughout the day. A subsequent survey
carried out by RITES in 2008 shows that the peak hour
speed of 22 kmph is more widespread and that even
during off-peak hours the average journey speed is
about 26 kmph. This survey also showed that 70%
of the road length has peak hour traffic speed of less
than 30 kmph. Most vehicles achieve the highest fuel
efficiency at speeds above this value.
Variation in speed: Fuel economy is maximized
when acceleration and braking are minimized. So a
fuel-efficient strategy is required to anticipate traffic
conditions, take precautionary measures to minimize
incidents of acceleration and braking, and maximize
coasting time. ITMS also leads to decreased accident
rates, which further reduces the requirement for
braking.
Proportion of idling time: Idling causes a severe
drop in instantaneous fuel-mileage efficiency to zero
miles per gallon. The second largest loss of energy in
a vehicle is from idling, or when the engine is on a
standby mode. Even at low rush times, drivers have
to wait for longer than is necessary at intersections
because the light schedules are designed to serve a
large number of vehicles. A self-organising traffic
scheme will eliminate this problem by being
responsive to local demands.

The CRRI conducted a study, sponsored by the PCRA,
on losses of petroleum products at traffic intersections
due to idling of vehicles at Delhi, and to recommend
remedial measures for conserving fuel. The study
classified the intersections into three categories based
on the traffic volume and as per this classification,
there were 183 high volume intersections, 250 medium
volume intersections and 33 low volume intersections.
With over 466 intersections having traffic signals, it
was seen that 321,432 litres of petrol and 101,312 litres
of diesel were being burnt everyday due to idling of
vehicles.
An ICT driven traffic management scheme for India
called ‘Developing of Traffic and Communication
Network in NCR and Mega Cities and Model
System of Traffic Management’ has been included
for implementation in 11th Five-Year Plan. The
scheme has two components, viz., (i) Introduction of
Intelligent Traffic System (ITS) and (ii) Setting up of
an Integrated Date Communication Network (cyber
highway). Pushing for induction of IT-driven solutions
in traffic management, the Research Committee on
Applications of Industrial Electronics of the Union
Ministry of Communications and Information
Technology (MOCIT) has also suggested setting up
of intelligent transport management cells to help
mega cities across the country manage traffic.
Although no major region has yet completely
been covered by intelligent transport systems, as
one of the first initiatives of its kind, an intelligent
signalling system (ISS) has become operational on
three intersections — at Pushp Vihar, Pushpa Bhawan
and Krishi Vihar — on the pilot Bus Rapid Transit
(BRT) corridor in Delhi. KSRTC is also attempting
to implement an intelligent transport system project
for the city of Mysore, with systems like the vehicle
tracking system, real-time passenger information
system and central control station.

Intelligent Public Transport Systems
Public transport management (e.g. bus-based
transport) involves scheduling and planning of routes,
such that the vehicle routes are optimized, they run
as per schedule and their movement is controlled to
optimize efficiency and capacity. The implementation
of intelligent public transport systems can enhance
accessibility and efficiency of travel through public
transport systems by reducing waiting time and
uncertainty, and ensuring safety. Greater use of public
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transport can contribute in reducing GHG emissions
from road-based transportation by serving a two-fold
purpose of:
l

Reducing fuel usage - The fuel usage per passenger
kilometre is greater in personalized transport by
a factor of as high as 10 times as compared to
an efficient form of public transport. By routing
a greater number of passengers through public
transport, the GHG intensity of travel per
passenger kilometre can be reduced.

l

Reducing congestion - Public transport makes
the most optimum use of the available road space
by transporting the maximum number of people
per unit of road space. This, in turn, increases
operational efficiency of other vehicles plying on
the road by optimizing their speed of travel.

These technologies are the mechanisms through which
real-time information concerning the state of the traffic
and transport network can be communicated directly
to different platforms for dissemination and action by
the public transport operator, the traffic manager and
the public.
The features that are part of a basic intelligent public
transport system include vehicle tracking systems,
real-time passenger information system (GSM/GPRS,
GPS), central control station (cluster of servers),
communication sub-systems (GPRS, display units, GPS
vehicle mounted unit), travel demand management,
and incident and emergency management system. The
vehicle tracking data can also be used to determine
journey times and speeds of vehicles through cities,
so that traffic demand strategies can be fine-tuned and
urban traffic management control can be exercised
efficiently to further reduce GHG emissions.
The key ICT solutions, which are the building
blocks of this system, are GSM/GPRS, geographical
positioning system, DGPS, dead-reckoning, track
circuits, odometers and different combinations of
these technologies, electronic display systems and
vehicle mounted units, among others.
Attempts to deliver GPS-based bus services are
underway in Chennai, Ludhiana (private transporters),
Delhi (both public and privately managed buses),
several cities in Uttar Pradesh (public buses), and
Indore (public buses), among others.
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3.4.1.2 Supply Chain and Logistics
Optimization
Supply chain and logistics are strategic components
which facilitate and maintain growth of industry and
business. The logistics industry in India is evolving
rapidly and is continually striving to reduce costs and
provide effective services. For improving performance
and efficiency, the industry is persistently seeking
innovative tools and strategies. In transport, supply
chain and logistics optimization is an area where
ICT can play a significant emissions abatement
enabling role.
There are various innovative ICT solutions for supply
chain management from materials sourcing and
selection to delivery of the final product to consumers
and end-of-life product management. These can
not only improve the business’ carbon footprint but
also increase efficiency within the supply chain.
With particular focus on transport emissions, freight
management systems can provide for substantial
savings in transport related operations.
Freight Management Systems (FMS) comprise a range
of software and hardware tools that monitor, optimize
and manage operations, helping to reduce the storage
needed for inventory, fuel consumption, miles driven
and frequency of vehicles travelling empty or partially
loaded. There are various intelligent ICT related
solutions and tools that support Freight Management
Systems (e.g., fleet management systems and tracking
and tracing systems).

Vehicle Tracking Systems
A vehicle tracking system consists of three
components:
l On-board computer
l Satellite Global Positioning System (GPS)
Receiver
l Communications Device
The GPS receiver collects information on the vehicle’s
position and sends it to a communications device,
which then relays this information to a central
computer at the tracking centre. This allows the
transport manager to ascertain the exact location of the
vehicle and communicate with it through messages.
Some vehicle tracking systems can also monitor the
vehicle’s internal and external conditions.

In-cab Communication Systems
In-cab communication systems are installed as
sub-components of vehicle tracking systems to
communicate with the driver of the vehicle. The onboard computer of the tracking system is capable of
sending and receiving information, usually in text
messages, and can be used to coordinate with drivers.
A number of messaging systems can be utilized for
this purpose, such as dash-mounted LCD screens,
personal data assistants (PDAs) or data terminals.

Satellite Navigation Systems (sat-nav)
Satellite navigation (sat-nav) systems enable drivers
to plan their route in the shortest or most convenient
manner. Sat-nav systems use an in-vehicle GPS device
and a display screen to receive instructions en route,
with detailed maps that are expandable to include
additional city and street maps. These systems also
assist in locating important destinations, including
fuel stations, distribution depots and retail parks.

radio waves. It has recently received attention owing
to widespread potential applications in supply-chain
management optimisation for identifying products
and assets. RFID uses a computer chip ‘tag’ with a
mini antenna that transmits/receives information via
radio waves. It has the potential to store as well as
transmit large amounts of information regarding the
environment.
The main types of tags are:
l

Active tags: which are rewritable, and require
a battery. They are capable of two-way
communication

l

Passive tags: which are read-only and used for
tracking returnable assets and low-value items.
They are powered by radio waves transmitted
from the reading device

l

Battery assisted passive (BAP) tags: which require
an external source to wake up but have significant
higher forward link capability providing greater
range.

Fleet Management Systems
A fleet management system is a database with
information on different operational areas, such as
vehicles, drivers, workshops, which when combined
together allow for analysis of fleet efficiency. It
is a valuable tool for managing the necessary
administrative and operation and maintenance
procedures of vehicles in order to attain minimum
possible idle time. The fleet management system
assists in managing information about and generating
reports on operational areas, such as fuel use,
accidents, maintenance costs and service history.

Warehouse Management Systems
Warehouse Management Systems (WMS) link together
various systems, such as computerized vehicle routing,
scheduling packaging and integrated supply chain
systems. WMS is capable of monitoring incoming
goods, customer orders and stock levels. Mobile
transaction recording devices are incorporated in the
system to record picking and packing activities.

RFID for transport applications has begun to emerge
worldwide as a key technology, particularly for use in
the freight and logistics sector for tracking containers,
pallets, individual products, for car-parking, ticketing
and road user charging.

Smartdust
Smartdust is a relatively new development in
ubiquitous and economical sensors, and has a
promising role to play in ITS. Some of its potential
applications include:
l

Congestion charging: Smartdust can be
embedded on the street or road surface and
when a commuter’s smartdust equipped vehicle
passes over the sensor, his account can be charged
automatically.

l

Fleet position reporting: Smartdust enabled
vehicles can be tracked when it is within the
connected network, permitting the control centre
to take intelligent decisions. It can be applied to
public transport information systems, or vehicle
and freight security.

l

Parking

Product Scanning and Tracking Systems Radio Frequency Identification (RFID)
Radio frequency identification or RFID is a technology
enabling automatic identification and tracking using

space

occupation

and

payment:

27

Smartdust embedded in parking spaces can
detect if the parking is in use and communicate
this information to remote users.
l

Fast flow tolling: Using smartdust devices in
place of conventional microwave transponders, it
is possible to enable a fast-flow tolling system.

Smart Products
Smart products are designed to supply real-time
information on the location and condition of goods,
equipment and manpower. They are products that can
monitor themselves as well as communicate accurate
and appropriate information to the relevant party.
These products are capable of constant monitoring
of parameters such as temperature through wireless
sensors and transmitting that data to remote
locations.

Telecommuting and Virtual meetings
Teleconferencing is a work arrangement in which an
employee’s daily commute to a central place of work
is replaced by telecommunication links. It is believed
to have both positive and negative repercussions for
GHG abatement.
Positive impacts of telecommuting on traffic levels
and GHG emissions
l

Reduced travel of employees to work place and
associated fuel savings

l

Reduced vehicle ownership as individual
telecommuters may not need to own private
vehicles

l

Reduced vehicle ownership will also result in
increased use of public transport

Effects that may reduce the positive impacts of
telecommuting on traffic levels and GHG emissions
l

l

10

Latent demand from people who decide to travel
as congestion decreases
Leisure travel from telecommuters that take
advantage of the commuting time saved

Mokhtarian, 1988
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l

Increased urban sprawl, facilitated by the
diminished need to live in proximity to offices

However, overall GHG emissions are liable to decline
due to reduced travel as a result of telecommuting,
irrespective of the negative spin-offs.
Virtual meetings are defined as gatherings of two
or more people (co-workers) that are mediated by
advanced telecommunication devices and do not
involve physical contiguity between participants.
Virtual meetings can take place through audio
conferencing, video-conferencing and more modern
forms of telepresence. With the use of virtual meetings,
GHGs benefits are derived from avoidance of business
related travel, particularly air travel. However, some
case studies10 have suggested that while the use of
teleconferencing decreases the average conference
trip length, it can increase the total amount of travel in
firms, as a higher number of people attend meetings
(at two or more sites) when video-conference facilities
are used. Also, some researchers have pointed out
that .individual willingness to travel and the need for
face-to-face interaction may also thwart the use of ICT
for substituting business related trips.
Role of ICT in transport planning
Transport planning includes the process of
planning, funding and building physical facilities,
administrating and managing them, monitoring their
effectiveness, as well as building the institutions and
organizations to control transport and information
services. ICT can play a valuable role in each of
these aspects. ICT facilitates more effective decisionmaking and provides for better planning and
management by providing the necessary information
and tools to optimize resource inputs and outputs,
for example, optimization of bus stop locations for
improving transit accessibility. Different forms of ICT
applications are available for urban communities to
improve the quality of information required to take
effective decisions and also apply tools towards
testing the outcomes of their decisions.
Variable pricing/pay as you drive will reduce
congestion and CO2 emissions, limit unnecessary
journeys and allow “direct” taxation for those that
generate CO2. Conventional toll booths have largely

given way to electronic toll collection systems.
Variable pricing based on congestion can be applied
to pliers. Congestion tolls can be implemented at
scales ranging from individual lanes on single links to
national road networks. Tolls can be differentiated by
time of day, road type and vehicle characteristics, and
even be set in real-time according to current traffic
conditions. ICT can also facilitate this process by
providing realistic models and accurate tools to help
and guide in the analysis and evaluation of congestion
pricing strategies. For example, statistical models with
time-dependent data feeds to predict traffic flows can
be used to adjust and optimize congestion pricing
according to need.
Role of ICT in development and deployment of
hybrid/electric vehicles
ICT-enabled energy efficiency solutions for hybrid/
electric vehicles relate to overall efficiency gains in
electric vehicles (electrical and thermal management,
electrified auxiliaries, closed-loop control and
cooperative
interaction),
robust
subsystems
(communication, sensors, actuators, distributed
controls, power electronics, active safety and comfort),
vehicle to infrastructure integration (to both road
and power grid) and optimization (at both vehicle
and system level). Amongst these, ICT solutions for
the integration of electric vehicles into the power
grid, including facilitation of plug-in hybrid electric
vehicles, are considered as immensely important
in the long term. ICT also provides control system
solutions for batteries and/or super-capacitors, such
as sensors and networking capabilities for monitoring
and controlling the energy/power storage system’s
efficiency, lifetime, reliability and safety, including
monitoring and early warning of fault conditions
environmental monitoring, temperature conditioning
and shock protection/spark avoidance.

3.4.2 Buildings
The latest report of a leading climate change research
firm emphasizes the need to make reasonable efforts to
reduce carbon emissions from the building sector. In its
comparative study of the energy savings potential of
the building sector with that of other sectors critical to
the economy, it was observed that the building sector
had the greatest reduction potential among all sectors
in most countries. Information and communication
solutions can play a promising role in harnessing
this potential.
ICT applications can contribute to the reduction
of the carbon footprint for buildings, both during
construction and during operation stages. The
construction process is a highly energy and GHG
intensive process owing to the high degree of embodied
energy of materials used in construction (e.g. steel and
concrete). Higher efficiency in construction activities
can therefore harvest significant benefits in terms of
GHG emission reductions. However, this aspect must
be further explored in conjunction with ICT solutions
for transport and waste management identified in
this study, as well as ICT solutions identified for the
Mission on Enhanced Energy Efficiency.
Energy consumption during the operation phase of
buildings is driven by two factors – energy intensity
and floor area. ICT enabled monitoring, feedback
and optimisation tools can be used to reduce both
these factors at every stage of a building’s lifecycle.
Some of these tools include energy modelling
software, building management systems, lighting
and HVAC controls. ICT solutions also enable realtime information sharing on energy consumption
of every energy-consuming appliance in a building,
empowering users to take informed decisions,
resulting in energy savings.
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Further, ICT solutions can also deliver energy savings
by way of simulation, modelling, analysis, monitoring
and visualisation tools that are imperative to obtain
an integrated picture of building components
that are independently developed and tested for
performance.
There are a large number of ICT options for achieving
increased energy efficiency in buildings that are
economically available in the market currently and
the sector has the highest climate change mitigation
potential using commercial technologies and practices.
Some of these solutions are discussed above.

3.4.2.1

Design phase

Building design and simulation tools/
software
These software tools can be deployed for purposes
such as temperature modelling and fluid dynamic
modeling, and can be used to plan buildings that
are able to extract the maximum benefit from their
surroundings. They help builders determine the most
optimal and efficient design of a building, bearing in
mind the various factors that contribute to efficiency
in terms of health and comfort, building costs, energy
performance, etc.
Energy modelling has been identified as one of the
key mitigation measures in the mission document.
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The analysis and simulation services offered by such
software help a builder choose between alternatives,
e.g., by testing alternate design solutions, changing
materials, trial of distinct scenarios, etc., and also
help architects determine how design influences
energy use to enable the identification of the mostefficient solutions. These tools can be used to carry
out simulations in order to optimize the parameters
describes in the graphic on the next page.
The Energy Conservation Building Code (ECBC),
which is a document specifying the energy
performance requirements for commercial buildings
(with electrical connected load of 500 kW or more) that
are to be constructed in India (developed by Bureau
of Energy Efficiency and launched on June 28, 2007),
permits compliance through two methods:
l

Prescriptive Method - This requires meeting
or exceeding specific levels described for each
individual element of building systems. This is
achieved when individual components of the
building comply with specifications set out in the
regulations

l

Whole Building Performance Method - This
necessitates the use of energy simulation software
to evaluate energy performance of a building. This
is achieved when the building is simulated and its
performance is compared with benchmarks.

3.4.2.2

Operation phase

Building Management Systems (BMS)

Continuous monitoring also helps in re-defining the
baseline energy consumption, which can help in
continuous improvements.

During the operation phase of buildings, ICT solutions
like BMS can be used to automatically control and
adjust heating, cooling, lighting and energy use, and
regulate the buildings’ behaviour and performance
to changes in the external environment and needs
of the users. These systems are the most promising
technology for enabling energy savings in the sector
by optimizing operation and output of equipment
and reducing excess energy consumption.

A BMS typically is guided by the information fed
through the following types of sensors:-

Although the degree of automation in BMS systems
differs, a BMS typically is a computer system that
can control connected loads of a building according
to the pre-set requirements of the building as well
as by way of acting on information received from
its sensors. Its inputs, such as temperature sensors
and outputs, such as on / off signals are connected to
control centres around the building. A modem may
also be connected to the system to allow for remote
access. Apart from offering a degree of control on the
consumption points, it can be set to warn owners of
individual items of failure.

An Integrated Building Management System (IBMS)
also incorporates the security systems (access, fire)
and power inputs (DG) as sub-components. An IBMS
typically consists of the following features:
l Automated cooling/heating control, lighting
control, ventilation control, control of pumps
l Consumption measurements of water, electricity
and cooling (heating) energy
l Access control systems
l Intruder alarm system
l Video monitoring system
l Fire alarm system
l Central battery system

Occupancy controls can also be programmed into
the BMS such that the building meets its occupancy
requirements. BMS can also help in monitoring in
real-time, as well as recording and preserving past
records of data, which can help in diagnosis of failure.

l
l
l
l
l
l

Temperature sensors and heat detectors
Light level detectors
Movement and occupancy sensors
Smoke and gas detectors
Status sensors (e.g., air quality, open windows)
Glass break sensors

Thus, all the control features associated with lighting
(occupancy detection, dimming, daylight linking,
scene-setting and blind control), HVAC (chiller
controls, AHU controls), and other control features
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These software and design tools (e.g., Energy Plus, DOE-2) can help designers in selecting building materials,
construction methods, building orientation and equipment types to optimize energy consumption. They also
aid designers and builders in system sizing and cost optimization.
Practioners
Design Tools

Whole Building
Energy Analysis
Tools

Economic and
Environmental
Tools

l CAD Environments
l Lighting Design
Tools
l Architectural Visualization Tools
l Fenestration
Selection Tools
l Shading / Solar
Angle Tools
l Code Compliance
Tools
l Single-Zone Load
Tools
l Multi-Zone HVAC
System Load Tools
l Duct Sizing / Layout
Tools
l Cost Estimating Tools
l Integrated Design
Suites
l HVAC Product
Selection and
Configuration Tools
l Engineers “Toolbox”
l Piping Analysis and
Pump Sizing Tools
IAQ / Standard 62
Compliance Tools
l Psychrometric Tools
l Refrigeration Load
Tools
l Coil Selection Tools
l Geothermal HP Loop
Sizing Tools
l Acoustics Analysis
Tools
l Solar DHW / PV System Design Tools
l Weather Tools and
Utilities

l Analysis Tools
l Simplified Energy
Analysis Models
(DD, bin analysis,
day profile per
month)
l Basic Hourly
Simulation
Models (calculation engines)
l General Hourly
Simulation Models
l Special Purpose
Hourly Simulation
Models
l Screening Tools

l General Life Cycle
Tools
l Technology
Screening /
Assessment Tools
l Environmental
Impact
Assessment Tools

Specialized
Analysis Tools
l Daylighting /
Illumination Models
l Fenestration Models
l Infiltration /
Pollutant /
Pressurization
Models
l 2D & 3D Heat and
Moisture Transfer
Models
l Computational Fluid
Dynamics Models
l Equation-Based
Solvers
l General
Component-Based
Mechanical Models
l Refrigeration
System (HardwareBased) Models
l Refrigeration
System
PerformanceBased) Model

Source: ASHRAE, US Department of Energy- Building Technologies Program

can be operated from a centralized intelligent control
panel or a distributed system. These systems also
increase the productivity of the operator because a
single scheduling engine is used instead of setting
individual schedules in multiple systems.
A BMS system typically enables a client-based user
interface for professional usage and for central
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monitoring of systems and allows for the following:
l
l
l
l
l

Alarm monitoring and alarm handling by multiple
operators
Intruder alarms
Fire alarms
Alarms from electrical and mechanical systems
System maintenance alarms

l
l
l
l
l
l
l
l
l
l
l
l

Video monitoring
Remote diagnostics, energy optimization and
trending
Setpoint adjustment
Control optimization
Peak load management
Trending
Remote diagnostics of system/devices
Preventive maintenance
Consumption reports for energy management
and billing
Logs and reporting
User profile and role management
Access rights management

Smart Meters/Gateways
As opposed to conventional electrical meters
providing only limited information on energy
consumption, smart meters are advanced meters that
identify energy consumption in added detail and
communicate this information via a network back to
the utility for monitoring and billing purposes. Smart
meters provide an economical way of measuring
energy related information and allowing price setting
agencies to introduce different prices for consumption
based on the time of the day and the season. The
meters are capable of monitoring gas flow, chilled
water / cooling water flow, etc. These smart meters
are the most vital components of the smart grid
infrastructure, covered in greater detail in the Energy
Efficiency Mission report.  

Remote Management Systems
Remote management system interfaces enable smart
meters to communicate with consumers’ digital
devices, such as computers, security systems and
appliances like ACs, heat pumps, and lighting to
control these remotely. This equips consumers with
real-time information on their electricity consumption
patterns and enables them to respond by reducing
excess or unnecessary load.
Remote management systems when integrated with
the smart grids will allow consumers and utility
companies to more closely monitor power grid
activity and appliance power usage. Thus, remote
management systems will enable buildings to talk to
utilities, so the owners and occupants can willingly
participate in demand response and energy efficiency
programmes. For example, it can allow users to set
appliances to run at a certain time of day (off-peak)
when the cost of electricity drops below a certain point.
This way, users can benefit too by taking advantage
of pricing structures for electrical power that change
with overall demand and building owners can then
make decisions based on real-time building power
consumption data to conserve energy and reduce
their electricity bills. This will force users to become
more sensitive to energy costs.
Further, remote management systems can also
empower the grid to reduce specific load at the time
of peak shortage by load shedding at selected points.
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From a single location, a large number of such load
shedding points can be covered.
Assuming that there are 60,000 ATMs in the country,
each having an air-conditioning system of capacity 1.5
tonnes on an average, then the net electricity consumed
by these units is 1,314 million kWh ( 5 * 24* 365* .5*
60,000) on an annual basis. With the implementation
of remote management systems, around 10% of
this energy consumption can be reduced, leading
to savings of 131.4 million kWh, which translates
to GHG emission reductions of more than 100,000
tCO2e. Similarly, assuming that there are three lakh
telecom towers in the country, and each consumes 10
kW of power, then the total electricity consumed by
the towers is around 13,140 million kWh (10* 24* 365*
.5* 3,00,000) annually.
With the implementation of remote management
systems, around 10% of this energy consumption can
be reduced, leading to savings of 1,314 million kWh,
which translates to GHG emission reductions of more
than 1 million tCO2.

Smart Appliances
The Smart Grid White Paper, released by the
Association of Home Appliance Manufactures‘
(AHAM) in December 2009, describes smart appliances
as ‘a modernization of the electricity usage system of
a home appliance so that it monitors, protects and
automatically adjusts its operation to the needs of
its owner’. The paper details the following six key
features that are associated with smart appliances:
l

Dynamic electricity pricing information is
delivered to the user, providing the ability to
adjust demand of electrical energy use.

l

It can respond to utility signals, contributing
to efforts to improve the peak management
capability of the smart grid and save energy by:

l

Providing reminders to the consumer to move
usage to a time of the day when electricity prices
are lower, or

l

Automatically shed or reduce usage based on the
consumer‘s previously established guidelines or
manual overrides.

l

Integrity of its operation is maintained while
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automatically adjusting its operation to respond
to emergency power situations and help prevent
brown or blackouts.
l

A consumer can override all previously
programmed selections or instructions from the
smart grid while ensuring that the appliance‘s
safety functions remain active.

l

When connected through a home area network
and/or controlled via a home energy management
system, smart appliances allow for a total home
energy usage approach. This enables the consumer
to develop their own energy usage profile and use
the data according to how it best benefits them.

l

It can leverage features to use renewable energy
by shifting power usage to an optimal time for
renewable energy generation, i.e., when the wind
is blowing or sun is shining.

Smart Occupancy Controls
Occupant presence and behaviour in buildings has
been shown to have a large impact on space heating,
cooling and ventilation demand, energy consumption
of lighting and space appliances. Occupancy sensors,
whether CO2 sensors (detects occupant) or infrared
sensors (detects motion), are installed to monitor
usage or occupant behaviour of a room and operate
devices accordingly (e.g., occupancy-based lighting
control system). This can save energy by automatically
switching off devices when a room is unoccupied.

Intelligent Building Controls
Intelligent building controls, like room heating
controls, shutter / blind controls, lighting controls,
ventilation controls, elevator controls and plumbing
and drainage controls can save significant quantum
of energy when used in practical combinations.
Lighting controls based on occupancy (as described
above), illumination level, time schedules, etc.,
can reduce GHG emissions from buildings relying
heavily on artificial lighting. Other controls like
shutter/blind controls influence the incidence of
external light into the room and thus also have an
effect on lighting controls. Intelligent lift grouping
and control systems can achieve energy efficiency by
lift zoning, grouping and response methods, which
enhance energy efficiency as the first consideration.
Plumbing and drainage controls aim at reducing the

Energy Management System
l

Computer-based control
system installed in buildings that controls and
monitors the building's
mechnical and electrical
equipment such as ventilation, lighting, powers
systems, fire systems,
and security systems

l

l

Computer based system
designed specifically for
the automated control and
monitoring of the heating,
ventilation and lighting
needs of a building or
group of buildings

Building Management System

consumption and wastage of water (self-closing taps,
taps with sensor control, automatic flushing cisterns
with sensor controls, etc.), and thus reduce pumping
energy load.
A summary of the management systems that can
be installed in a building to reduced its energy
consumption is given above.

3.4.3 Municipal Solid Waste
Radio frequency identification (RFID)
technology
RFID is a method of automatic identification and
tracking using radio waves and is a valuable part of
the framework of ubiquitous or pervasive computing.
RFID can be used as a potentially powerful tool for
management of waste collection and disposal. An
RFID system typically comprises of interrogators/
readers, and tags / labels and has two parts:
l

An integrated circuit for storing and processing
information, modulating and demodulating a
radio-frequency (RF) signal, and other specialized
functions

l

An antenna for receiving and transmitting the
signal

There are generally three types of RFID tags: active
RFID tags, which contain a battery and can transmit
signals autonomously, passive RFID tags, which have
no battery and require an external source to provoke
signal transmission, and battery assisted passive
(BAP) RFID tags, which require an external source
to wake up but have significant higher forward link
capability providing greater range.

This system allows for
remote monitoring and
control of building
equipment (remote switch
on/off of equipments or
scheduling of their
operation) via modem

Remote Management System

With the unobtrusive sizes in which FID tags are
capable of being manufactured today, this technology
promises to revolutionize waste management
operations by enhancing their efficiency and
automating their processes.
These operations include verification of container
pick-up, tracking customer usage and measuring
route efficiency.
The many benefits presented by this solution
include:
1.
Automatic bin identification and data
collection: RFID technology, which can be used
by municipalities to monitor waste collection,
enhances reliability and service levels by supporting
identification and traceability of waste streams.
Tags attached to waste containers monitor quality,
weight and number of times a container is set out
for collection. By monitoring the time and place for
every waste bin, it permits for an unprecedented level
of analysis. Further, it also reduces the chances of
any errors caused due to manual data recording and
enhances accuracy. It also allows municipalities to
monitor and assess performance of sub-contractors.
2.
Incentive based billing- This technology
can encourage users to reduce waste generation as
well. In home or business RFID waste management,
the unique ID number of a tag is associated with a
waste bin and stores the bin owner’s address. When
the bin is lifted for collection, information from the
tag is time-coded and logged. Thus, it allows for
tracking the number of times a container is set out for
collection along with its weight. Thus, it simplifies
billing for service and supports the implementation
of incentive-based invoicing.
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3.
Recycling incentives: Municipal solid waste
is either recycled or burnt in incinerators or placed in
landfills. From amongst the practices of solid waste
management, recycling of municipal solid waste
is considered to be the most environment friendly
strategy, second only to source reduction and reuse.
RFID can potentially be used to enhance and improve
the process of waste collection and separation so as to
enable greater proportion of recycling of both durable
goods and short-lived recycling goods. If goods are
marked with RFID tags prior to disposal, the tags
can enhance the separation process with the use of
disposal devices, which separates goods for recycling
and goods for incineration. RFID information on
the composition of durable goods (furniture and
electronics) will allow for precise dismantling and
recycling, and RFID tags on short-lived (PET, paper
and cardboard, metals ) recycling goods can improve
the purity of input goods in the separation process,
thus ensuring greater quality of product as output.
Based on the recycling process and the tag technology,
one can choose to obtain pure recyclable goods and
RFID tag separately, or a mixture of both.
Disposal of hazardous waste require comparatively
higher levels of security and traceability. RFID
technology enhances the value and effectiveness
of these services by negating manual errors and
automatically tracking waste goods.

Route Optimization and Fleet
Management
Global positioning System (GPS) technology can help
map a solid waste transportation network in terms
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of location, speed, idle time, etc. This information
will enable schedulers to optimize the performance
and efficiency of the network by enabling real-time
maintenance decisions, routing and troubleshooting.
With location, vehicle ID, speed and mileage
automatically logged via GPS information, real-time
data analysis can be possible. Transportation reports
and key performance indicators (KPIs) can also
be generated from this data to analyze trends and
optimize productivity.
This increased efficiency of transportation networks,
by improving synchronization between different
logistics parties and optimizing routes, reduces fuel
consumption of the fleet due to sequence optimization
indirectly cuts traffic congestion and thus increases
fuel efficiency of other vehicles on the road as well.
This may also improve capacity utilization and
reduce the number of vehicles required for solid waste
transportation.

Geographic information system (GIS)
Poor spatial and non-spatial data linkage is one of the
problems faced in solid waste management all over
the world. GIS can be utilized to determine optimum
locations of solid waste collection and to assess
suitable collection points in a town / city. GIS software
uses geography and computer-generated maps as an
interface for integrating and accessing location-based
information. It has evolved as one of the critical tools
for urban planning and administration, and natural
resource management, and can be applied to solid
waste management to optimize location of collection
and disposal points as well.

l

Trailer

l

Freight

l

Driving behavior

l

Trailer environment
conditions

l

Driver and vehicle
characteristics-fuel
consumption, speed
etc.

3.4.4 Dematerialization
Dematerialization refers to the substitution of high
carbon products and activities with low carbon
alternatives. From among the various applications
of dematerialization, video-conferencing and
telecommuting have been covered under the ‘Urban
Transport’ section. Other forms of dematerialization,
I.e., e-commerce, e-paper and online media are being
covered here. The intent behind covering these
aspects of dematerialization is to convey that these
options result in significant material goods savings,
which subsequently results in reduced solid waste
generation.
E-commerce is defined as the buying and selling of
products or services over electronic systems, such
as the internet and other computer networks. The
growth in internet usage has spurred growth of
e-commerce worldwide, especially for e-shopping,
e-banking, enterprise content management, etc. While
e-commerce is still in a nascent stage in India. It is,
however, believed that growth in personal computers
and reduced cost of internet service will help bolster
e-commerce growth in India.
A large percentage of e-commerce is conducted
entirely electronically for virtual items, such as access
to premium content on a website, and leads to reduced
material usage. However, most electronic commerce
involves the transportation of material goods in some
way.
E-paper or electronic ink display is a display
technology designed to appear similar to ordinary ink
on paper. This technology has the potential to save
enormous amount of energy by substituting paper
as a medium of recording and communication, and

Vehicle operating
management

Vehicle

Telematics for
monitoring

Automatic vehicle
tracking

l

l

Vehicle diagnostics

l

Condition
management

l

Preventive
maintenance
management

can also contribute significantly towards reducing
generation of paper waste.
Online media has the potential to reduce production
of CDs and DVDs, thus aiding in reduction of GHG
emissions during the manufacture and transportation
of these goods. Further, this will help to reduce
e-waste generation, the disposal of which is currently
regarded by many as a significant threat.

3.4.5 Data Centres
In response to the challenge of the high energy costs
involved in operation of data centres, the emerging
concept of Green Computing or Green IT, which refers
to environmentally sustainable computing or IT, is
gradually finding followers. Green IT is generally
defined as “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.” The
primary market drivers for a green IT strategy are
highlighted below.
Our study primarily focuses on the energy consumption
of buildings during the operation phase, and does not
attempt to delve into the embodied energy aspect of
buildings. Thus, only the green use options for data
centres have been highlighted in the report.
To effectively manage the operation-phase energy
consumption of data centres, one needs to focus on
both the IT and Infrastructure energy consumption of
data centres, given the fact that less than half of the
total electricity consumed by a facility actually goes
towards powering IT equipment, such as servers
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and networking devices, the rest being consumed by
environmental control systems and power delivery
components. These environmental control systems
include cooling system components, such as chillers,
computer room air conditioning (CRAC) units,
direct expansion (DX) air handler units, pumps,
cooling towers, lighting, fire protection system, etc.
Power delivery systems include UPS’, switch gears,
generators, power distribution units (PDUs), batteries
and distribution losses external to the IT equipment.

Energy saving options
Server Virtualization
Under-utilization of hardware resources leads
to unnecessary consumption of large amount of
electricity. This can be due to the following reasons:
l

Hardware resources for data centres are usually
over-designed, as a result of which equipment is
grossly under-utilized.

A green IT strategy typically entails progress and improvement in the following aspects:

Green Use

Reducing the energy consumption of IT systems

Green Disposal

Recycling and reusing IT equipment

GreenDesign

Designing energy-efficieny and environmentally
sound IT components

Green Manufacturing
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Manufacturing IT equipment and components with
minimal impact on environment

Infrastructure
Management

IT management

Data Centre
Management

l

Applications are run alone on servers to avoid
conflicts with other applications because of
complex application installation issues. The
energy directly consumed by the application
may be smaller in this case, however, the other
consumptions patterns, such as the energy
consumed by the computer to run the operating
system, base services and components, such as
disk drives, remain more or less similar, regardless
of the size of application.

l

Some applications developed on single-processor
computers that now run on multiprocessor
computers, effectively make use of only a single
processor. Thus, they do not utilize the full
capacity of the hardware.

l

Some computers are sometimes not utilized at all
in case they are meant to run applications only

at certain times of the day; however, they are left
switched on even for this time when they are not
utilized.
The EPA estimates that servers and storage hardware
account for almost 50% of total power usage of data
centres and measures aimed at increasing their energy
efficiency can result in considerable savings in space,
power and cooling requirements. In this respect,
consolidation and virtualization are important
measures to adopt in order to effectively utilize server
and storage resources, and reduce equipment and
their energy consumption. Computer virtualization
refers to the abstraction of computer resources, such as
the process of running two or more logical computer
systems on one set of physical hardware. There are
multiple levels associated with virtualization as
shown above.
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Level 0
l No virtualization
l Appalications
present on
individual PCs,
with no sharing
of data or server
resources

Level 2 is the level most often associated with the
term virtualization. Under Level 2, even the hardware
and software infrastructure upon which applications
/ servers are run is shared (virtualized), and not the
applications as is covered by Level 1. Thus, a single
physical server is capable of running many virtual
servers. Up to the load limits of the equipment, these
multiple virtual machines are able to run efficiently
without consuming significantly more power than
that would have been consumed if that machine
was operating as a standalone server. Thus, savings
increase with the number of servers substituted.

resources by the reallocation of unused resources.
This also results in an increase in the collective
capacity of the current hardware environment,
thereby reducing the need for future hardware
purchases. With virtualization, a single fulltime equivalent (FTE) can often support three to
five times more infrastructure components than
without.
l

Less floor space, cooling and power resources
required. Virtualization can result in significant
server and storage consolidation, thus making
data centre consolidation initiatives much more
cost effective, maximizing floor space and other
peripheral resource utilization (e.g., network
ports, network switch and cabling, etc.) Achieving
an 8:1 to 20:1 ratio of virtual machines per physical
server is common, thus helping to significantly
reduce real estate, power and cooling related
costs.

l

Reductions in the cost of storage through more
efficient use of underused capacity.

Virtualization can also significantly improve loadbalancing, application provisioning, disaster recovery
and systems management. It was because of these
features that virtualization was ranked as the top
strategic technology for 2009 by the Gartner Group.
The potential benefits of a well-devised and wellexecuted virtualization strategy can be significant and
include:
l

Reduced costs related to virtualized computing

Level 3
l Virtualizing
resources,
location and
ownership of the
infrastructure
using cloud
computing

Level 2
l Data center
virtualization
l Virtualization of
hardware and
software
infrastructure

Level 1
l Logical
virtualization
l Sharing
applications

Primary reasons for pursuing virtualization

Cost reduction
Enhanced disaster recovery and data backup
Enhanced flexibility

Source: CIO.com, January 2008 study of 300 CIOs.
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81%
63%
53%

Potential benefits
of virtualization

l

Effective and potentially more dynamic load
balancing and optimized server utilization. A
hypervisor is able to reallocate computing power
to those virtual machines on the network that
have more capacity. This helps handle massive
computer traffic spikes quickly and efficiently.
Similarly, a hypervisor can optimize server
utilization, helping companies increase the ROI
on their infrastructure capital investments.

l

Enhanced scalability for sporadic application
usages and related data surges.

l

Hardware infrastructure flexibility and related
cost savings. Because virtualization leverages
underused machines, more applications suddenly
gain access to new switches without having the
need to purchase new “boxes.”

l

Quicker and more cost-effective disaster recovery
and damage mitigation. Virtualization may
supplant the need for physical servers because of
the ability to provision greater virtual resources.
Virtual machines can be easily moved to alternate
hardware environments in case of disaster and this
event-based migration can be highly automated
to make it quick and efficient.

l

Virtualization, supporting business growth and
innovation, can provide the much-needed agility
to react quickly to sudden business changes,
freeing up more resources to be invested in
innovation related projects.

l

Effective implementation of virtualization will
help enable an enterprise-wide architecture
roadmap to facilitate “cloud computing,’’ which
is a cost-saving method of accessing IT-related
capabilities “as a service,” over the internet (“in
the cloud”).

can make efficient use of shared resources like
servers, storage, cooling mechanisms, etc. With IT
services becoming standardized and usable by a wide
range of customers and service providers, and the
internet increasing in popularity, cloud computing is
considered massively scalable.
Cloud computing is defined as “a computing
capability that provides an abstraction between the
computing resource and its underlying technical
architecture (e.g., servers, storage, networks), enabling
convenient, on-demand network access to a shared
pool of configurable computing resources that can
be rapidly provisioned and released with minimal
management effort or service provider interaction”.
Cloud computing customers typically do not own the
physical infrastructure, they only consume resources
as a service and pay only for resources that they use.
The potential benefits of a well-devised and wellexecuted cloud computing strategy can be significant
and include:
l

Potential reductions in personnel, software,
hardware, real estate, cooling, power, licenses
and maintenance costs. Companies may no
longer need to maintain large, specialized IT staff
and resources responsible for the maintenance
and upkeep of expensive computing and storage
infrastructure. The potential for reduced hardware
and software costs means that capital can be freed
up for use elsewhere towards strategic corporate
goals. In addition, most patches, fixes, browser
application updates and other expensive and time
consuming trouble-shooting will be done by the
computing hosts rather than in-house personnel.

l

Minimal start-up costs. Much of the computing
capacity available through these third-party
providers is available with little more than a flip
of a switch. Often, businesses need specific servers
to be specifically configured in an application or
for only a small amount of time — requiring time
and money. A large-capacity third party provider
is likely to immediately have available what is
needed.

l

Better realignment of IT support services and
resources. By directing more specialized IT
resources away from the relatively commoditized
duties of computing and storage maintenance,
and toward initiatives that add directly to the

Application development
Green computing today focuses largely on hardware,
and data centres, however, application inefficiencies,
such as sub-optimal algorithms are an important
cause of high energy consumption.

Cloud computing
Cloud enabled data centres are internet scale data
centres in which services are hosted, so that users
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bottomline, companies can better see the potential
benefits of IT professionals.
l
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More efficient IT services focused on infrastructure
and non-application services. For many companies,
the IT function is a cost-intensive support function.
At larger computing outsourcing companies,
however, IT is in itself a revenue generator and a
core competency. As a result, the IT infrastructure

with the latter receives the attention necessary
to provide faster bandwidth, more capacity and
reduced downtime.
l

Flexible infrastructure and capacity. Cloud
computing allows companies that need massive
amounts of computing capability for only short
periods of time quick and easy access without
long-term amortization costs.

l

Improved disaster recovery/damage mitigation.
Companies that have onsite or nearby data centres
are at risk of data loss and downtime caused by
catastrophic occurrences, such as hurricanes,
earthquakes, fire, or terrorist activities. However,
with cloud computing, because the data exists
“in the cloud” and is usually offsite, the potential
of one specific event to cause major problems is
significantly reduced.

Power management
Power management systems allow operating systems
to directly control the power saving aspects of the
hardware by automatically turning off or hibernating
components, such as monitors and hard drives, after
set periods of inactivity. These systems are useful to
deploy in data centres where some computers are
meant to run applications only at certain times of the
day.

Infrastructure energy management
Data centres have large cooling requirements to
keep servers at the right temperature. Substantial
savings can be achieved by improving efficiency of
these cooling systems. Infrastructure management
measures primarily encompass energy efficiency
management for cooling system components, such
as chillers, computer room air conditioning (CRAC)
units, direct expansion (DX) air handler units, pumps,
cooling towers, lighting, etc. Some important measures
include wireless sensor network adaptive cooling,
data centre power distribution, data centre airflow
management, cooling optimization, high efficiency
chilled water systems, modular cooling systems, etc.
Ambient temperature in a data centre varies across
both vertical and horizontal planes, depending on
proximity to active or inactive equipment as well as
airflow.
Further, the cooling reaches of air conditioners
frequently overlap, resulting in excess cooling. Thus,
another important measure includes enhancing
intelligent thermal monitoring capabilities (multipoint
temperature monitoring) and controls through which
data centres can save substantial quantum of power.
According to a recent report to the US Congress
provided by the Environmental Protection Agency
and Energy Star, data centres consumed about 1.5%
of the total US electricity consumption or 61 billion

kilowatt-hours (kWh). Estimates indicate that by
2011, data centre energy consumption could nearly
double. According to Gartner, by 2010, about half of
the Forbes Global 2000 companies will spend more
on energy than on hardware, such as servers. Energy
costs, now about 10% of the average
IT budget, could rise to 50% in a matter of years.
Gartner also suggested that data centres would not
have enough power to meet the power and cooling
requirements of the new equipment used in highdensity server environments. The new systems are
more compact and of higher density, and can call for
more localized power and cooling than will typically
be found in an existing data centre environment.
Some examples of green data centre solutions being
offered today are listed on the adjoining page.

3.4.6 Intelligent Street lighting
management
Street lighting covers the wide range of big to small
streets and roads within the built-up area of cities and
villages. Some of its important functional requirements
include providing road safety to motorists and
residents, attracting tourists, and providing for more
comfortable driving conditions. Maintenance and
control of these lighting systems and the production
price of electricity are the major expenses to a town’s
streetlight operation budgets, and street lighting
constitutes about 13% of the country’s total electrical
energy consumption. Considering that there are a
vast number of streets connected to a common line,
it is a cumbersome task to maintain and control
these systems. In this respect, implementation of ICT
enabled advanced technology solutions can provide
for greater convenience in street lighting management
and quality, apart from delivering energy savings due
to enhanced energy efficiency of lighting equipment.
The general problems faced by municipalities in India
with respect to street lighting infrastructure are:
A street lighting energy conservation project
implemented by Bangalore Development Authority
reduced energy consumption of the town towards
street lighting to the tune of 40-45%. Such a project can
be replicated to many other cities with similar kind
of conditions. Conservatively, such upgradations can
be assumed to reduce energy consumption in street
lighting anywhere by between 10% and 30%.
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Examples of Green Data Centre Solutions
Solution

Features

Emission reductions

“Modular Data
Centre”

Optimize layout of server racks and air
conditioners in small "Module". This “Modular
Data Centre” can reduce datacenter total
power consumption by 27% and floor space by
75% over traditional data centre

Reduces air-conditioner power
consumption by 70%
Reduces total data centre (IT
devices, air-conditioners, loss
in power feeding, etc., ) power
consumption by 27% over
traditional data centres

Air Flow Control
Products

It is a system that provides efficient airconditioning state for data centres. Cold aisle
is isolated by door and top panel to retain
the cold air from the under-floor inside the
space. Consequently, it reduces the cooling
energy loss of under-floor air-conditioner, and
it prevents the exhaust heat of devices from
getting into racks.

In comparison with conventional
air-conditioning system for data
centre, it saves approx. 50% on
blower power

Refrigeration
Rear Door Heat
exchanger

Refrigeration Rear Door Heat exchanger is
the world’s first racks' rear door type air
conditioning system utilizing a refrigerant
(alternate CFCs). By attaching a normal rear
door to a heat exchanger type rear door unit,
and connecting to an outdoor unit, it can
remove 50% of the heat from the rack by
means of refrigeration heat pump method.

COP value of most frequent
usage area (45-75% of Max
power) is 4.2 - 5.2.It saves
50% energy compared to
the commonly used base air
conditioner. In total, up to 25%
of cooling energy can be saved
with base cooling system.

Environmental
monitoring
solutions to the
data centre

This product makes a two-dimensional
distribution map made from temperature/
humidity/static pressure data. It provides
an environmental monitoring solution for
improving data values. It is optimized for the
most recent data centre rack configuration.

It facilitates measurement of
data centre power supplied
and enables intelligent decision
making.

Communication
cable routing
pathway and
protecting system
in data centres

It can enhance reliability and scalability. The
system can also improve air conditioning
system efficiency and save cooling cost.

For example, a data centre,
of 465 square meter in
size and with 150 cabinets
deployed, saves cooling cost
by 2.3 million(JPY) per year by
introducing these systems.

Green data centre
adopted by
advanced green
technology

Covers every kinds of IT equipment and
various systems with leading-edge technology
(Real-time temperature measurement
technology by optical fibre, thermal current
simulation, etc) and energy-saving operation
management.

Potentially reduce 40% energy
consumption of facility. (40,000
t/ year)

Server rack capable
of measuring
environmental
information on
energy usage
condition and
temperature, etc.

Easily set up in a server rack, it can measure
power supply status, voltage, current, power,
power factor, energy and temperature. In
addition, fan control and door control by the
peripherals connection is possible.
-Measures and monitors power status and
temperature
-Alarm summary displayed based on threshold
value
-Controls electric door lock and monitors door
sensor
-Fan control based on temperature value
-Remote monitoring by anywire sensor
network

Not Available
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Street Lighting across the country offers immense
potential for energy savings, given the fact that street
lighting constitutes about 13% of the country’s total
electrical energy consumption. These smart street
lighting solutions can be applied to meet the lighting
challenges of city utilities as well as large industrial
plants. Smart street lighting systems have already
been implemented on a large scale in Oslo, Norway.
Europe and the US are also proposing to adopt these
solutions on a large scale.
Assuming street light energy consumption of 450

Improper energy
metering

No check on
power thefts

terawatt hours in 2030 in the business as usual
scenario, ICT-enabled street lighting management
systems can reduce energy consumption by as much
as 135 terawatt hours, resulting in emission reductions
to the tune of 116 million tCO2 in 2030.

3.5

Potential Savings through
Adoption of ICT Solutions

Implementation of identified policy recommendations
(section 3.7) are expected to accelerate the adoption
of identified ICT applications and the penetration

No seasonal
adjustment

Poor power
quality input

Ineffective
monitoring and
control

An intelligent street lighting management system can aid in confronting most of these
challenges by providing the following features:
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Scheduler for lamp dimming
Supply cabinet control
Astro clock
On/Off relay
History datalog
Energy metering
GPRS connection to central streetlight
monitoring software

Supply
cabinet

Monitored
Street light
networks
Lamp lifetime forecast
Energy analysis
Provider analysis

Central
service
center

Service quality
Remote actions
Environmental data
Centralized commands depending on
traffic and weather conditions

level of ICT applications is expected to increase in the
future.
In this section, we provide an estimate of energy and
GHG emission saving potential if the identified ICT
applications are implemented. Suitable assumptions
have been made for penetration improvement in the
moderate and high impact scenarios, and have been
included in the individual sub sections.

Transport
The transport sector is one of the most difficult sectors
from which to determine and predict greenhouse gas
emissions, as there are numerous small emission
sources and, additionally, it has an apparently
close relationship with economic development.
Nevertheless, for designing and implementing
effective strategies to reduce the transport sector’s
impact on environment, it is essential to make a
reliable projection of motorized mobility for the
coming years.
Although reliable region-specific transport data on
energy consumption from the sector and its prediction
for the coming years is not available from a single
source, the same has been compiled from various
literature sources using a bottoms-up approach to
estimate CO2 emissions.
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As part of its new intelligent outdoor
lighting system, Oslo replaced mechanical ballasts in its 55,000 streetlights with
electronic ballasts that communicate over
existing power lines. The system remotely
monitors and controls the lights, dimming
them based on traffic, weather and available light. It also analyzes lamp behaviour
and identifies lamp failures. Oslo has derived significant benefits from this system
as highlighted below.

Energy
consumption
has reduced by
62%

Lighting quality
has improved

Maintenance
costs have
reduced

Further savings of
10-15% in energy
use are expected as
public acclimates to
the changing light
levels

Case Study
ICT enabled street lighting solutions were installed in a busy airport. These ICT measures
have been established over existing power lines and make possible individual control of
streetlights allowing them to be individually dimmed as per levels of requirement. They
are also synchronized with outdoor light intensity to maintain standard lux levels and can
also be remotely controlled through web-based communication systems. The various
benefits accrued due to the installation of these systems include:l Net savings of 45% of the street light consumption of the airport
l

Control of excessive illumination during daytime

l

Monitoring of energy usage patterns of feeders for power theft monitoring

l

Increased availability of information and automatic malfunction notification for
early corrective action and restoration

l

Control of consumption points from a remote location

Two specific cases have been compared:l Business as usual or the base case projected forward
without implementation of ICT solutions
l

Predicted evolution of transport emissions when
ICT solutions have been applied (in tandem with
the potential and capability of the country to
adopt these technologies by 2030)

Mobility Management Systems
The savings from only intelligent traffic management
systems have been accounted for in this category,
since it is uncertain as to what degree the public will
be inclined to travel in public transportation systems
if ICT solutions were to make this form of transport
more comfortable and efficient. Further, it is uncertain
as to whether the rebound effects of this system will
have a greater effect in comparison to its benefits.  
Further, decreased congestion in cities will by itself
result in energy savings for the public transportation
sector as well and this has been included in the
analysis below.
Shortlisting of cities based on population level:
According to the 2001 census, there are eight cities in
the country with population close to 3 million. They
include Delhi, Kolkata, Mumbai, Chennai, Bangalore,
Pune, Hyderabad and Ahmedabad.
These cities, by virtue of the high level of economic
activity and large population, can be expected to

gain significantly from the adoption of intelligent
transport systems enabled by ICT solutions. However,
even though the potential impact of the deployment
of ICT in these cities are enormous, they are difficult
to predict and likely to vary considerably from one
context to the next.
Supply chain and logistics optimization
The assumptions to calculate the GHG reduction
potential of the host of ICT-enabled smart logistics
options are based on the GHG emission reduction
figures analyzed through individual case studies and
research projects.
When transposed on the Indian road transport
scenario, our analysis provides indicative trends for
energy consumption reduction through these options
till 2030. Results are shown in Table 3-10.
Telecommuting and virtual meetings
Although this category of ICT options stimulate
reduction of GHG emissions through their direct use,
they are also responsible for a slight increase in GHG
emissions due to their indirect effects. The analysis,
to assess the net potential GHG reductions due to
reduced air and rail travel as a result of the utilization
of these technologies, was carried out taking both
these factors into account. Results are shown in Tables
3-11 and 3-12.
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Table 3‑1 : Estimated population in 2010 for Metro cities of India
Rank

City

Population
(2010 estimate)

Population
(2001 census)

State/UT

1

Mumbai

13,830,884

11,978,450

Maharashtra

2

Delhi

12,565,901

9,879,172

Delhi

3

Bangalore

5,438,065

4,301,326

Karnataka

4

Kolkata

5,138,208

4,572,876

West Bengal

5

Chennai

4,616,639

4,343,645

Tamil Nadu

6

Hyderabad

4,068,611

3,637,483

Andhra Pradesh

7

Ahmedabad

3,959,432

3,520,085

Gujarat

8

Pune

3,446,330

2,538,473

Maharashtra

11

Collation of data through secondary surveys for the sample cities to determine baseline GHG emissions and
estimate GHG reduction potential: An analysis has been carried out to estimate the energy and emissions
impacts of congestion by examining velocity patterns of vehicles operating under different levels of congestion. Based on this analysis, the potential savings from intelligent mobility management systems are shown
above.

Table 3‑2: Average % CO2 Savings by 2030 from Road Transport
City

Average % CO2 Savings by 2030 from Road Transport

Delhi

14%

Kolkata

23%

Mumbai

2%

Chennai

13%

Bangalore

25%

Pune

21%

Hyderabad

27%

Ahmedabad

33%

An analysis of the savings of GHG emissions from the road transport sector in the selected cities in a
scenario with moderate to high ICT implementation yields the following trends:

11

http://www.world-gazetteer.com
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These trends signify the extent of savings or the GHG emissions pathway that the country can choose to
adopt over the business as usual case. However, it is worthwhile to mention that, as with other sectors, the
emerging policy framework is designed to take significant strides towards decarbonising the road transport
sector and much can be expected to be leveraged through this approach.

Implementation of ICT enabled mobility management systems
in 2030 can offset emissions created by 12 million cars, with an
average of 18,000 km travelled annually. This is equivalent to
16,500 million litres of diesel or 17,200 million litres of petrol
saved. Going by the current subsidy rates, this results in subsidy
savings of INR 18,480 crore annually for the Government.
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Savings achieved through the implementation of ICT enabled
supply chain and logistics optimization systems in 2030 can
offset emissions created by 50,000 trucks, with an average of
72,000 km travelled annually. Further, over 9,000 million litres
of diesel can be saved annually by implementation of these ICT
measures, which going by current subsidy rates, translates to
subsidy savings of INR 1,624 crore annually for the Government.
Supply chain and logistics optimization
The assumptions to calculate the GHG reduction
potential of the host of ICT-enabled smart logistics
options are based on the GHG emission reduction

figures analyzed through individual case studies and
research projects. When transposed on the Indian road
transport scenario, our analysis provides indicative
trends for energy consumption reduction through
these options till 2030. Results are in figure 3-10.

Figure 3‑10 : Emissions reductions from ICT in logistics related travel (MtCO2)

Video-conferencing enabled emissions reductions
Figure 3‑11 Emission reductions enabled by ICT business in business related air and rail travel
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Figure 3-12 : Emission reductions in road based passenger travel through ICT (MtCO2)

Telecommuting and virtual meetings

Buildings

Although this category of ICT options stimulate
reduction of GHG emissions through their direct use,
they are also responsible for a slight increase in GHG
emissions due to their indirect effects. The analysis
, to assess the net potential GHG reductions due to
reduced air and rail travel as a result of the utilization
of these technologies, was carried out taking both
these factors into account. Results are given in figures
3-11 and 3-12.

Information and communication technologies (ICT)
have an important role to play in reducing energy
intensity and therefore increasing the energy efficiency
of the building sector. However, it is very difficult
to predict the effectiveness of these solutions, as the
quantum of savings enabled by these technologies
differs widely from building to building, depending
on operator efficiency, occupancy patterns, climactic
parameters, building characteristics, usage profiles,
etc. For some technologies, like building management
systems, the actual energy performance of the building
is heavily influenced by the operator’s capabilities,
commissioning standards, maintenance, etc. Thus, the
same technology application produces substantially
different results from building to building. However,
for the purpose of this analysis, average expected
savings figures have been assumed based on design
considerations, assuming that the manpower and
skills required to operate these systems are available.

Summary
Implementation of ICT-based solutions in the
transportation sector can yield significant GHG
emission reductions in the 2030 scenario even with
moderate penetration. Mobility management systems
and supply chain and logistics optimization systems
are seen to offer the largest GHG reductions for this
sector (table 3-3).

Table 3-3 : Emission Savings in Transport sector by adoption of ICT
ICT option

Emissions savings by 2030 (million tCO2)

Mobility Management Systems

42.19

Supply Chain and Logistics Optimization Systems

22.85

Virtual Meeting and Telecommuting

30.84

Savings achieved through video-conferencing and telecommuting in 2030 can offset GHG emissions by more than 70 times
the current GHG emissions due to the annual air traffic between
Delhi and Mumbai.
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Case Study: Transport
Signal timing in a metro city in US
A city implemented the signal interconnect project, which involved implementing
a computerized traffic signal system. Through the project, the city optimized and
interconnected the signals at 145 intersections in the central business district and key
arterials, with the goal of reducing vehicle delays and stop times at traffic signals and
improving air quality. After the traffic signal system had been operating for more than
three years, the State Department of Transportation conducted an evaluation, which
revealed the extent of the project’s benefits, including:
l 15% reduction in stops
l 18% reduction in delays
l 16% decrease in travel times
l 13% drop in fuel consumption
l 13% reduction in vehicle emissions and noise pollution, reduced SPM levels in local
environment
l Reduced stress and accident rates, with increased productivity

Further, the typical energy consumption of building
types along with the floor area, prevalent technologies,
construction methods, building materials, climatic
zone, and nature and functions of the buildings
have not been captured for the country from any
one source. In the absence of comprehensive studies
on the baseline energy performance of buildings of
various types situated in different climatic zones of
India, data been accessed from a variety of reliable
sources.
Building typologies covered: Only commercial
buildings have been considered for this analysis, as
the benefits from investment in ICT solutions are
found to be considerable and worthwhile only for this
sector. For the study, the commercial buildings sector
has been broadly divided into retail, private office,
government office and hotel / restaurants and other

buildings on the basis of usage profile. Significant
energy savings from this sector can only be achieved
in urban buildings with large energy consumption
per square meter usage, and thus only building types
under the urban category have been taken up for this
study.
Trend analysis: The baseline greenhouse gas emissions
trend has been compared to a lower GHG intensive
pathway achievable through the implementation of
ICT solutions till 2030. The savings from ICT solutions
differ from one building type to another, and the
penetration factor achievable is higher in new buildings
as compared to existing buildings. These factors have
also been taken into consideration while assessing the
potential benefits from ICT implementation on a wide
scale compared to the baseline scenario, as depicted
below.

Table 3‑4: % energy reductions estimated through ICT solutions for each type of building
Reductions through
ICT

Retail

Pvt. Office

Govt. Office

Hotels

Other

Overall through Design

40%

30%

30%

30%

30%

Overall through BMS

12%

36%

30%

36%

10%

Lighting controls

16%

16%

16%

16%

16%

HVAC controls

13%

13%

13%

13%

13%
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Table 3‑5 : Assumed penetration of technologies achievable by 2030, for each building type, in
tandem with the adoption capabilities
Implementation/ Penetration

Old buildings

New buildings

Overall through Design

15%

60%

Overall through BMS

25%

50%

Lighting controls

50%

40%

HVAC controls

25%

40%

The baseline vs. ICT enabled trend obtained by mapping baseline energy consumption against
a scenario of proactive ICT adoption
Figure 3‑13 : Emission reductions from commercial buildings (MtCO2)

Figure 3‑14 : The emission reductions attainable by adopting ICT solutions for different building
types

Retail

54

Private Offices

Government Offices

Hotels
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Data Centres

Figure 3-15 : CO2 emission reduction potential by building type by 2030

The potential power savings in 2030 through ICT implementation
in buildings is enough to meet the current annual power needs
of big states like Andhra Pradesh, Karnataka and Maharashtra.
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Case Study
A software park installed an integrated building management system to monitor, measure,
and control energy consumption of various building components, such as HVAC, lighting and
power systems. The software park, with over 1.2 million square feet of built up area, has
multi-points connected to the IBMS, which also assimilates fire, security, emergency evacuation, access control, elevator systems and CCTV functionalities for single point monitoring.
The benefits of this system includel Reduced energy consumption by 35% compared to conventional buildings and
improved performance of critical equipment, such as HVAC and lighting equipment
l Central control and monitoring of building, including computerized maintenance and
scheduling
l Access control system interfaced into the building-management system enabling
intelligent building management surveillance at vital entry and circulation points
l Comprehensive security cover, including fire alarm and addressable early-warning smoke
detectors
l Good control of internal comfort conditions including optimized interior lighting and daylight harvesting
l Ease of information availability for problem diagnostics
This resulted in annual energy savings of 9187 MWh and emission savings of 7350 tCO2.

Dematerialization
Greenhouse gas emissions reduction achievable
through the implementation of ICT solutions till 2030
for the following ICT solutions is depicted below:E-commerce: Impact on shopping related travel
E-paper: Impact on emissions from manufacture
of paper
l Online Media: Impact on embodied emissions in
CDs / DVDs
It is to be noted that the GHG impact of increased
recycling on emissions from the MSW sector due to
l
l

the usage of RFID technology has not been depicted
below owing to the low quantum of additional savings,
since India already has a high rate of recycling.
Further, for dematerialization related emission
reductions, the reduction of solid waste generation
has not been accounted for, since the emissions that
can be avoided during disposal are minor compared
to their usage related emission reductions. With
regard to fleet management / route optimization of
MSW transport fleet, GHG emissions from all logistics
related transportation operations have already been
accounted for in the ‘urban transport’ section. Thus,
it has not been computed separately in this section.

Figure 3‑16 : Potential GHG emission reductions through E-commerce (MtCO2)
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Figure 3‑17 : Potential GHG emission reductions through epaper (MtCO2)

Figure 3‑18 : Potential GHG emission reductions by using online media

3.6

Recommendations for
Sustainable Habitat through
ICT Adoption

l
l
l

3.6.1 Background
l
The existing policy frameworks for sustainable habitat
are quite extensive when viewed from the overall
perspective of achieving energy efficiency in each of
the sub-missions. Various initiatives have also been
introduced in the recent past, for the economy as a
whole and specifically for the habitat sector, that aim
to increase energy efficiency and sustainability:
l
l
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Establishment of BEE (2002)
Launch of standards and labelling schemes
(2006)

l

l

Release of ECBC code (2007)
Establishment of NAPCC (2008)
Announcement of voluntary carbon emission
intensity reduction (by 20-25 % by 2020 with 2005
being the base year) (2010)
12th Five-Year Plan being based on low carbon
growth strategy (2010)
Constitution of an Expert Group by the Planning
Commission to define the country’s roadmap
towards becoming a low carbon economy (2010)
Release and approval of mission document on
sustainable habitat (2010)

All these developments are the right steps towards
the goal of sustainable habitat. As demonstrated in the
previous section, ICT-based solutions can play a critical
role in this transition towards higher energy efficiency

and low carbon emissions habitat. However, to fully
realize the potential benefits through ICT, a conducive
ecosystem needs to be defined that addresses all the
barriers to ICT adoption and encourages the adopters
to opt for these solutions.

3.6.2 Barriers to improved energy
efficiency through ICT adoption
As outlined in the previous section, the implementation
of various ICT solutions across the target industries can
result in increased energy efficiency and substantial
GHG reduction. However, this is only possible when
the penetration rate of ICT increases in the target
sectors. Various barriers prevalent in these sectors
inhibit the increase in the penetration rate. Among
these industries, there is a general agreement that
if these barriers are effectively addressed through
timely policy interventions and combined efforts of
all stakeholders, there is a vast potential for achieving
energy efficiency and GHG reduction through the
application of ICT. This section briefly discusses the
supply and demand side barriers and challenges in
the adoption of ICT towards energy efficiency and
NMSH objectives.

Demand side barriers
Lack of Awareness
There is an overall lack of awareness in the adopter
community about climate change, the need for energy
efficiency, ways to achieve it and the various ICT
solutions available for this purpose. The adopters in
the building, transport and solid waste management
sectors are not well-informed about the advanced
ICT solutions. For example, the knowledge about
ICT-based mobility management and supply chain
management solutions is limited in the Indian
transportation and logistics sector. While many are
aware about the existence of such solutions, few
have a complete understanding of the benefits and
challenges of implementing such solutions.
The lack of awareness also extends to applicable
policies and the delivery options that facilitate
implementation. For example, in the building sector,
the ECBC code is viewed as another certification in the
approval process, while not much focus is given to the
widespread implications of adopting the code. When it
comes to certification levels, a buyer is not necessarily

Figure 3-19 : Barriers to ICT adoption towards NMSH objectives
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cognizant of the requirements of different levels of
certification, automatically assuming that any level
of certification implies energy efficiency. Awareness
about the availability of delivery mechanisms, such
as the ESCO model, is limited among the builders.
Consequently, the ways to de-risk a project and to
reduce initial investments is not well known on the
demand side.
Lack of Skilled Manpower
There is a lack of skilled manpower that is required to
apply ICT-based solutions in the target sectors. This
limitation is felt not just during the implementation but
also in the ongoing running of ICT-based equipment
and in the effective utilization of data collected by
smart systems. As a result, even if these technologies
are implemented in a particular installation, lack of
skilled manpower impedes their utilization to the
maximum potential and thus the benefits achieved
are lower than expected.
One of the reasons for these phenomena is the lack of
training on ICT-based solutions in the target sectors.
For example, in the building sector, integrated
courses on ICT-based sustainable design for relevant
professions, such as architects, building designers
and construction engineers, have not been developed
(this barrier has also been identified in the mission
document). Thus, there is limited capability amongst
these parties to analyse, implement, maintain and
improve the ICT-based solutions for energy efficiency.
Lack of formal training and capacity building among
these professionals also creates a false perception
of complexity about the technologies and makes it
difficult to introduce new innovative solutions for
energy efficiency.
Since many of the ICT based solutions are sourced
through imports, there are not many local experts
who can comprehend and implement the solutions.
For example, in the transport sector, the technologies
are still new for the Indian market and, hence,
sufficient expertise has not yet been developed, a
clear example being the traffic management systems
area. On the water and waste management front,
most local bodies in the country face non-availability
of adequate technical and managerial expertise. This
is despite the fact that the largest part of municipal
expenditure is allotted to solid waste management
and 30-50% of staff and resources are being utilized by
ULBs for these operations. Similarly, in the building
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sector, there is a lack of availability of vendor neutral
consulting expertise on the implementation side,
further restricting the choice of the adopter to source
the right talent.
High Cost of ICT Solutions
Most adopters find the cost of ICT-based solutions
prohibitive at current price points. Various factors are
responsible for the higher than expected pricing. The
markets for these technologies are not mature enough
and there is a lack of scale, which prohibits lower price
points. Also, in certain cases, excess duties and levies
for importing ICT solutions prohibit the mass import
of these products. Since many of these ICT products
are imported, these additional costs force suppliers to
significantly raise prices of the products.
In the building sector, the initial investment cost of
these technologies is relatively minor compared to the
total cost of the new building. However, for existing
buildings, this is seen to be a very high percentage
of the yearly operation and maintenance costs. Thus,
retrofitting of such solutions is not financially viable,
unless the cost of the technology is reduced or a viable
financing arrangement is provided.
In the transport sector, although numerous ICT
solutions are relatively low cost, certain technologies
which are required to be used in large numbers, such
as fixed sensors that are deployed on roads to monitor
traffic conditions, are expensive to implement. In the
absence of a business model to charge back this initial
cost to the end users, the initial cost of investment
becomes prohibitive.
Unavailability of Benchmarks
In India, energy efficiency benchmarks for buildings
are not yet established and are only beginning to
emerge. Thus, key KPIs with respect to energy
efficiency have not been framed for reference by
designers and architects. There is a lack of information
and understanding of current energy consumption
patterns. Facility managers often lack detailed energy
consumption information about their facilities to help
them understand energy and infrastructure needs as
well as to identify and implement more beneficial
energy saving options.
Combined with the lack of benchmarks is the
reluctance to use simulation software. Analysis

software for building designs are available, however
in order to utilize the same, the appropriate level of
knowledge of associated issues, understanding of
how, where and when simulation can be used, and
collaboration between key players is absent. Barriers
to the use of simulation are highlighted below:
l
l
l
l

Complexity in creation of simulation models;
Poor understanding of benefits of simulation by
architects;
Lack of knowledge on energy modelling; and
Perceived increase in workload.

In the transport sector, to enable analysts and
policy-makers examine the impact of any particular
mitigation measure against the background of growing
emissions, reliable data on motorized mobility is of
prime importance. Studies need to be carried out to
update transport databases on a nationwide scale to
determine the baseline emissions scenario. A bottomsup approach of measurement, which permits isolation
of impact of transport measures from other changes
for estimating the associated reduction in carbon
emissions, should be adopted.
In the absence of baseline data and benchmarks, it
is not feasible to implement the ICT-based smart
solutions that rely on such data. The sectors also
face the challenge of lack of research. There are
not enough studies that are particularly targeted at
analysing the specific potential of ICT on areas such
as road transport related GHG emissions. In the
absence of precedents and in-house expertise, studies
providing valuable insights regarding the approach
to be followed for devising ICT techniques applicable
to India have not been undertaken.
Lack of Incentives for Builders to
Consider ICT for Energy Efficiency
Buildings today are either rented out or sold once
they are built. In either case, the benefits from energy
efficiency measures do not pass on to the builder.
Thus, architects, builders and developers have little
incentive to invest in smart building technology since
they will not benefit from improvements in energy
efficiency. Builders prefer to maintain competitive
prices and thus build with low initial costs. Further,
users are not enlightened enough to be willing to
pay a high upfront cost for the benefits and energy
savings that accrue during the use phase. Integrating
energy efficiency into building design is expected to

add an incremental cost of 10% to the overall building
cost. In the high-end real estate segment, where there
is a demand for energy efficient buildings, builders
are able to charge a rent premium, but this does not
hold for the other segments in the market.
Also, during the operational phase, most commercial
buildings are run on a cost plus margin approach,
wherein the margin is dependent on the cost of
operation. Installation of energy saving measures
for load points actually results in the passing of
the benefit to the consumer and reduces the profit
margin for the service provider by reducing the base
cost incurred, thereby reducing benefits against the
service provided by them.
Thus, builders currently have little financial incentives
to implement ICT-based energy efficiency solutions.
Also, there are no prevailing regulations requiring
minimum energy standards for buildings. Collectively,
these two factors lead to a general disinclination to
implement the high cost technologies.
Demand Side Constraints of Urban
Transport Sector
India’s urban transport sector exhibits vast amount of
fragmentation. As a result, there is a huge challenge
to “harmonize” ICT systems for the urban transport
sector throughout the country. Integrating individual
intelligent transportation systems into comprehensive
platforms is a key challenge faced by transport
authorities in the provision of optimal services to
users.
Also, there is a need to customize ICT-based transport
solutions for Indian scenario. A number of ICT
solutions work on assumptions which may not be
practical in the Indian scenario. For example, certain
ICT applications assume that consecutive vehicles often
maintain their relative order over long distances. This
lane-based system assumption is unrealistic in Indian
traffic scenarios, where overtaking and instances of
buses stopping to pick up or drop passengers are
common.
Demand Side Constraints of Municipal
Waste Management
The challenges faced in the implementation of ICT
solutions in municipal and solid waste management
can be traced to the institutional strength of municipal
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and other ULBs. Many urban governments in India lack
a modern planning framework and the multiplicity
of local bodies obstructs efficient planning. On the
financial front, most urban bodies do not generate
the revenues needed to renew infrastructure, nor do
they have the creditworthiness to access the capital
markets for funds. Also, most services are delivered by
city governments with unclear lines of accountability
and with a strong bias towards adding physical
infrastructure rather than providing financially
and environmentally sustainable services. Service
providers are unable to recover operational and
maintenance costs, and depend on the government
for finance. Independent regulatory authorities, that
set tariffs, decide on subsidies and enforce service
quality parameters, are generally absent. All such
conditions prohibit the adoption of improvement
projects involving ICT.
Barriers Faced by Data Centres
Virtualization and cloud computing can bring higher
level of efficiency to data centres. The following are
some of the barriers to this technology innovation:
l

The systemic nature of virtualization is a major
disruptor, changing the way a company’s IT
function thinks about architectures, processes and
business in general. Similarly, there is uncertainty
about applications supported by virtualization.
As a result, there will be a learning curve, both
within the IT function and among others, about
virtualization and the challenges that come with
it. This cultural and intellectual change can
consume time and resources.

l

The need for significant network bandwidth
within the “inner circle” core of main servers is
another barrier. Unlike a more traditional system,
a virtualized system relies on a series of servers,
or virtual machines, at the core. Because these
machines serve as the core team, and work so
closely together in managing the system, they
need to have sufficient bandwidth to support fast
response times. This need could require network
infrastructure upgrades.

l

Potential data privacy and security issues: Unlike
a more traditional IT outsourcing arrangement,
cloud computing clients do not have dedicated
servers or dedicated lines. This raises issues about
exactly where clients’ data exists and under whose
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jurisdiction it resides at any one given point.
l

Potential for a public relations nightmare: Not
being able to state the exact location where their
computing services are performed or where their
data is housed may leave a cloud computing
client open to concerns that its internal controls
are insufficient to reassure stakeholders. This
issue can arise through consumer product recalls
and workplace or product liability litigation.

Supply side barriers
Lack of Financing Mechanisms
Energy service companies (ESCO) and suppliers of ICT
applications lack support for financing arrangements
from lending organizations. In the case of energy
efficiency projects in buildings, it is difficult to predict
energy savings possible to any reasonable degree of
accuracy. The obtained savings are heavily dependent
on numerous factors, such as operator efficiency,
occupancy patterns, climactic parameters, building
characteristics, usage profiles, etc. Additionally, due to
lack of awareness and exposure, lending institutions
perceive EE projects as high-risk financing. Also,
awareness about credit appraisal and commercial
arrangements required for financing such projects is
low. The high cost of technology coupled with lack of
finance leads to less investment in the development
and distribution of these technologies.
Lack of Standardization
Although interoperable technologies are available
to a certain extent, lack of standardization of ICTbased technologies and protocols is felt to be a major
deterrent to its the large-scale penetration. Most ICT
equipments for energy efficiency operate as part of
a larger system and hence need to interact/interface
with various other equipment. For example, in
conventional building management systems, the
HVAC control, lighting control and security system
need to be integrated into a single system. However,
since most of these systems follow different protocols,
in absence of a standard for interoperability, it
becomes major challenge to put them all together into
one integrated system. Many of the ICT equipment
that are based on proprietary standards also become
irreplaceable at times.
The

integration

and

standardization

challenge

becomes specifically significant when we consider
the case of small installations. In the case of large
installations, like commercial buildings in Tier I
cities, it is still possible to source equipment from
relatively established suppliers. However, in the case
of small installations (e.g., homes and small offices),
the equipment supplied may come from a variety
of suppliers and many of them may not even have
compatibility to support a BMS.
Currently, there exists no regulation that mandates a
common communication protocol. For example, there
is no regulation for building management systems in
the country to follow a standard protocol. Without
a standard protocol, the user community finds it
challenging to integrate, repair and upgrade ICTbased equipment.
Limited Alternatives on the Supply Side
The supplier base for energy efficiency projects is
limited and at times acts as a barrier to the adoption of
technologies. For example, in order to achieve energy
efficiency in buildings, smart metering of various
parameters is needed, for which the key requirement
is the availability of smart meters. The number of
smart meter manufacturers in the Indian market is

very low. The manufacturer base has dropped over
the last few years primarily because the concept of
smart metering solutions was way ahead than what
the market could adopt.
Also, looking at the issue from the implementation
viewpoint, builders have greater trust in a consultantbased ESCO model rather than a technology supplierbased ESCO model, as it is perceived that technology
suppliers primarily aim at promoting their products.
However, the consultant segment suffers from lack
of adequate funding and scale to fully cater to the
ESCO-based market.

3.6.3 Review of prevailing policy
framework
As depicted in figure below, the Government of India
has taken various steps, such as equipment labelling
programme, NUTP and establishment of ECBC to
promote energy efficiency, and to reduce the climate
change impact in the sectors covered by the Sustainable
Habitat Mission. The existing policies related to
sustainable habitat can be broadly categorized into
three sections: i) Policies related to Energy Efficiency,
ii) Policies related to Climate Change and iii) Policies
directly applicable to Sustainable Habitat.

Figure 3-20: Current policies influencing sustainable habitat
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Impact of existing policies on ICT adoption in Urban Sector
l
l
l
l

NUTP: Addresing institutional strengthening, training, education, awareness and introduction of Intelligent Transport Systems
JNURRM: Mandates the introduction of e-governance systems through GIS and MIS
systems
Metro Rail Amendment Act 2009: proposes the use of Smart Card Technology as a
single ticket over all public transport systems
Service Level Benchmarks: instituted by MoUD will serve as the primary data source
for intervention programmes

3.6.3.1 Policies related to urban
transport
The responsibility for management of urban areas lies
primarily with the State governments. However the
Ministry of Urban Development, through the National
Urban Transport Policy (NUTP), has formulated a
Central policy to enable and guide state-level action
plans within an overall framework.

National Urban Transport Policy (NUTP)
In 2006, the Ministry of Urban Development formulated
the NUTP to coordinate efforts to strengthen capability
for the development of sustainable urban transport
systems. The NUTP was approved in 2006 to help in
addressing the unprecedented increase in transport
problems that major cities in the country are facing.
The NUTP has four focus areas:
l
l
l
l

Reduce existing levels of congestion;
Reduce the impact of motor vehicles on urban air
pollution;
Improve road safety;
Foster the use of sustainable technologies that
minimize the consumption of imported fuels and
thus preserve the country’s energy security.

NUTP channelizes and provides significant financial
support from the Central Government for investments
in urban transport infrastructure that help achieve the
above aims through the Jawarhalal Nehru National
Urban Renewable Mission (JNNURM).
All policies under NUTP and JNNURRM can be
expected to have an impact on the use of ICT solutions
in multi-modal urban transport and the specific
policies and reforms that will have a significant
impact on the use of ICT solutions include:
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l

l

l
l

l

l

l

Enabling the establishment of quality focused
multi-modal public transport systems that are
well integrated, providing seamless travel across
modes;
Establishing institutional mechanisms for
enhanced coordination in the planning and
management of transport systems;
Introduction of intelligent transport systems for
traffic management under NUTP policies;
One of the mandatory reforms under the
JNNURM scheme is the introduction of a system
of e-governance using IT applications, such GIS
and MIS, for various services provided by ULBs
and other quasi-government agencies;
Support for the construction of parking complexes
and encouragement for the implementation of
smart meters at parking facilities;
Strengthening of the Institute of Urban Transport
as a store house of information on the latest public
transport technologies;
Central
Government
collaboration
with
technology providers includes providing
necessary incentives to enable latest technologies
to get commercialized in India. This can be
by way of financing customized prototypes,
development of designs to suit Indian conditions,
trial operations and training of the technical
personnel.

Global Environmental Facility (GEF)
The Government of India, through the Ministry
of Urban Development, has also applied to the
Global Environmental Facility (GEF), sponsored by
the World Band and United Nations Development
Programme, to implement GEF’s Sustainable Urban
Transport Project (SUTP) in India. SUTP in India is to
be implemented through two initiatives namely:

l
l

Institutional strengthening and capacity building
at the national level;
Implementation of demonstration projects.

Sustainable Urban Development
Projects with the World Bank
The World Bank approved two projects
worth US$405 million to India, designed
to promote environmentally friendly
modes of urban transport, and to improve
management and delivery of services in
urban areas. Sub-projects financed by the
grant include:
l A US$105 million loan for the Sustainable Urban Transport Project (SUTP)
will finance capacity building and
demonstration projects in select cities
that will create models of sustainable
transport solutions. States (cities)
that have been chosen for the project
include Maharashtra (Pune & PimpriChinchwad), Madhya Pradesh (Indore), Chhattisgarh (Naya Raipur) and
Karnataka (Mysore).
l A US$300 million loan for the Andhra
Pradesh Municipal Development Project (APMDP) will finance sustainable,
high-priority urban infrastructure projects, which will be selected and implemented by urban local bodies (ULBs).

This initiative is envisaged to identify, prepare
and implement a package of green transport
demonstration projects in various cities in India.

Metro Rail Amendment Act 2009
The Act proposes the use of smart card technology as
the solution to provide a single ticket over all systems
of public transport so that it is perceived by the user
as a single system, allowing seamless transport across
multiple modes of transport. The card is proposed to
be a single mobility card across India for all operators.
An initial concept note on the “India One Card” has
been prepared.

Service-level Benchmarks
The Ministry of Urban Development has recently

introduced service-level benchmarks (SLBs) to grade,
manage and improve public transport systems and
infrastructure across cities. Service-level benchmarks
have been identified at the following areas of
intervention:
l
l
l
l
l
l
l
l
l
l

Public transport facilities;
Pedestrian infrastructure facilities;
Non-motorized transport (NMT) facilities;
Level of usage of intelligent transport system
(ITS) facilities;
Travel speed (motorized and mass transit) along
major corridors;
Availability of parking spaces;
Road safety;
Pollution levels;
Integrated land use transport system; and
Financial sustainability of public transport.

Development of a Comprehensive
Mobility Plan (CMP)
The CMP involves integration of land use and
transportation planning. Sixteen Indian cities have
already developed CMPs while the other cities are in
the process of developing the same.

Setting up of Unified Metropolitan
Transport Authority (UMTA)
The governments of Rajasthan, Andhra Pradesh,
Maharashtra, Tamil Nadu and Karnataka have set
up Unified Metropolitan Transport Authorities
(UMTAs).

3.6.3.2 Policies related to commercial
and residential Buildings
Policies related to energy efficiency in the building
sector are coordinated by the Bureau of Energy
Efficiency (BEE). The key initiatives of BEE in this
sector include
l
l

Standards and labelling schemes;
Energy Conservation Building Code (ECBC).

Standards and Labelling schemes
Currently covering 10 categories of high energy
consuming domestic and industrial equipment, the
scheme targets the display of energy performance
labels on household and other equipment. Launched in

65

May 2006, the labelling scheme is currently mandatory
for frost-free refrigerators, air conditioners, tubular
fluorescent lamps and distribution transformers while
it continues to be in the voluntary phase for direct
cool refrigerators, electric motors and pumps, colour
televisions, LPG stoves, electric geysers and ceiling
fans. BEE is also planning to extend the standards
and labelling scheme to include energy ratings for
desktop and notebook computers, office printers, fax,
copiers, etc.

green buildings. The scheme offers a rebate in
registration fees to the extent of 90%, incentives to
architects and design consultants ranging from INR
2.5 lakh to INR 5 lakh and incentives to urban local
bodies that announce rebates in property tax for green
buildings as well as awards to the best performing
urban local bodies.

Similar to the “Energy Star” programme of US, the
labelling programme has led to increased awareness
about energy efficiency among end-users. As per an
analysis ratified by the National Productivity Council
(NPC), the scheme has resulted in electricity savings of
2106.16 million units, equivalent to avoided generation
capacity of 599.44 MW (for year 2008-09).12

l Bachat Lamp Yojana
The BLY is a scheme developed by the Bureau of
Energy Efficiency to reduce utilization of incandescent
lightning. The BLY scheme supplies a CFL bulb
costing INR 15 instead of its market price of INR
80-130. The cost differential is funded through the
Clean Development Mechanism, with the supplier
recovering the cost through the sale of carbon credits.
The scheme targets to reduce 6,000 MW of electricity
generation reducing 20 million tonnes of CO2 from
grid connected power plants.

Energy Conservation Building Code and
Energy Efficiency in Buildings
Launched in 2007, the ECBC code sets minimum
energy efficiency standards for new commercial
buildings. ECBC is applicable to buildings or building
complexes that have a connected load of 500 kW or
greater or a contract demand of 600 kVA or greater.
This scheme is currently in the voluntary phase, but
is expected to be made mandatory in the near future.
As per an NPC report, the ECBC programme has
given a fillip for the construction of green buildings
and the estimated energy savings in these buildings
is about 33.36 million units, equivalent to avoided
generation capacity of 6.1 MW (for year 2008-09).13
It is estimated that making the ECBC mandatory can
result in energy savings of about 1.7 billion units of
electricity per year.14
In February 2009, BEE has also launched a star rating
programme that rates commercial buildings on the
actual energy consumption in terms of kWh/sqm/
year. The ECBC user guide was also released in
July 2009, with the objective of guiding architects,
building designers and others involved in the
construction industry to implement and comply with
the requirements of ECBC.
A scheme has also been launched by the Ministry of
New and Renewable Energy (MNRE) to incentivize
Source: BEE, NPC Verification Report 2009
Source: BEE, NPC Verification Report 2009
14
Source: NMSH Mission Document
12
13
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Other delivery and financing options targeting energy
efficiency in this sector

l Energy Saving Companies (ESCOs)
The Bureau of Energy Efficiency also promotes energy
saving companies (ESCOs) as a reduced risk business
model for building owners looking to implement
energy efficiencies. The performance based contracts
of the ESCO model ties payments to the actual cost
savings achieved through interventions. BEE has
recently empanelled an additional 45 ESCOs to bring
the total number of ESCOs in the country to 80. BEE
also accredits all ESCOs on performance and risk
criteria.
l Empowerment of State Level Agencies
BEE has created State Designated Agencies (SDAs)
as statutory bodies to implement energy conservation
measures at the state level. SDAs are statutory bodies
set up by states to implement energy conservancy
measures. The scheme has an approved budget of
INR 41 crore in the 11th Five-Year Plan.
l State Energy Conservation Fund
The State Energy Conservation Fund was launched
earlier this year. The fund will be formed by
contributions from the state governments, which
can later request for grants to promote energy
conservation programmes. State governments will

have to make an initial contribution of INR 2 crore
each. The contributions are expected to increase as
the government brings in stricter energy efficiency
regulations and state governments realize the
advantages of energy conservation projects.

3.6.3.3 Policies related to water supply
and waste management
The Ministry of Urban Development is the Central
body that issues and coordinates policy on water
supply and waste management. The Ministry of
Environment and Forests is the other Central body
that issues policy guidance on municipal and solid
waste management. Significant policy and regulatory
initiatives in this sector over the past 10 years are
highlighted in Figure 3-21.
Significant financial support is available to municipal
bodies, implementing policies as defined by the NUSP.
Centrally-sponsored schemes like the Jawaharlal
Nehru National Urban Renewal Mission (JNNURM)
and the Urban Infrastructure Development Scheme
for Small and Medium Towns (UIDSSMT) have
allocated significant resources to specifically address
urban sanitation problems. Municipal and solid
waste management is also an area where India
receives significant funds through international
bodies like the World Bank, United Nations and

other international organizations.
Schemes and programmes such as the ECA, BEE,
ESCO, JNNURM, NUTP and NUSP along with the
mission document (NMSH under NAPCC) form the
existing policy framework for the Sustainable Habitat
Mission. While the existing frameworks refer to ICT
as enablers to achieve efficiency and performance
(e.g., intelligent transport system), policies that
directly promote ICT adoption towards the mission
objective need to be defined.

3.6.4 Recommendations
The sectors under the purview of the Sustainable
Habitat Mission, namely transport, buildings and
solid waste management have significant potential
for saving energy consumption and reducing GHG
emission through employment of ICT solutions.
However, as mentioned earlier, these sectors are
also very closely linked to the country’s economic
development. Construction in both commercial and
residential sectors contributes significantly to the
economy, approximately 6.5% of the GDP, even as it
consumes a substantial quantum of energy throughout
the lifecycle of buildings, contributing to around 6%
of India’s total GHG emissions. Road transportation
is the predominant mode of transport for movement
of both passengers and goods in India, passenger

Figure 3-21: Current policies on Municipal and Solid Waste Management
The MoEF and MoUD
brought out the
manual on municipal and
solid watemanagement

National Urban
Sanitation Policy and
Goals by the MoUD

1998-2000

2008

2000-2004
Supreme court directs the MoUD to set up a
Technical Advisory Group under which the following
core group have been formed
- Appropriate technologies and R&D
- Financial resources, and private sector participation
- Capacity building
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mobility through air and water being insignificant in
comparison15 (Road, rail and air are responsible for
80%, 13% and 6% of total transport GHG emissions,
respectively).
The technologies explored in Section 3.4 in the
transport, buildings and solid waste management
sectors can lead to total cost savings per annum of
INR 26,300 crore in 2020 under the moderate scenario
(for assumptions refer Section 4.2). To put this into
perspective, this is equivalent to approximately 0.5% of
India’s GDP for 2009-10.

sectors, it is not prudent for any Government to
overlook the role of ICT. Also, within the sectors under
the purview of this mission, the buildings sector has
the most potential and thus importance in drafting
and implementing policy interventions.
Figure 3‑22: GHG emission saving potential of
ICT (moderate penetration)

This report is an attempt to collate and analyse possible
Government and regulatory agencies’ interventions
and their potential impact. There are seven key
recommendations for encouraging proliferation of
the technologies outlined earlier.
1.

Inclusion of ICT-based solutions in emission
reduction targets of the National Mission for
Sustainable Habitat (NMSH) plan

2.

Fiscal incentives for facilitating adoption of
energy efficient ICT solutions

3.

Establish a National Intelligent Transport System
plan and supporting infrastructure

4.

Assist in energy efficient ICT solutions
standardization and localisation
a. Facilitate standardization
b. Encourage R&D through institutional and
financial support

The Sustainable Habitat Mission has been set up with
the objective of making cities sustainable through
improvements in energy efficiency in buildings,
management of solid waste and shift to public
transport. However, no specific targets for energy
consumption have been set under the mission. Further,
the NMEE alludes to the building and transport
sector as designated consumers and one of those to
be included in the PAT scheme at a later date.

5.

Provide impetus to the sector by applying ICT for
policy implementation

6.

Incentives to streamline logistics

It is recommended that the National Inter-Ministerial
Group on Sustainable Habitat set and monitor emission
reduction targets attributable to implementation of
ICT in these key sectors – buildings and transport,
as and when these sectors are included in the PAT
scheme.

7.

Regulatory steps to improve adoption of ICT
solutions in solid waste management

With respect to national schemes, the suggestions are
two-fold:

3.6.4.1 Inclusion of ICT based solutions
in emission reduction targets
of the National Mission for
Sustainable Habitat plan

l

Given the magnitude of potential of energy savings of
ICT in the transport, buildings and waste management
15

“Emissions from India’s transport sector”,T.V. Ramachandra, Shwetmala, Statewise synthesis, 2009
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Currently, the building sector is not included in
the perform achieve and trade (PAT) scheme and
no mandatory energy savings targets have been
imposed on this sector. In order to encourage
implementation of such ICT-based energy
efficiency measures, the building sector can
be allowed to take part in the PAT programme

*

Sector

ICT led GHG emission reduction potential by 2015
(in million tonnes)*

Transport

9.26

Buildings

16.37

For assumptions of calculating energy saving and monetary saving, refer to Annexure.

on a voluntary and no-obligation basis. The
savings achieved through implementation of
energy efficiency measures in this sector can
be recognized and entities implementing these
technologies can be presented with energy saving
certificates, enabling them to trade the same with
obligated entities in the current PAT scheme.
l

The building sector is already recognized as an
energy intensive sector and has been specified
as a designated consumer under the Energy
Conservation Act. The sector may be included
in the subsequent phases of the PAT scheme as
obligated entities.

A suggested target for ICT-enabled GHG reduction
for these key sectors are given in the above table.
If the contribution of ICT towards achieving the
objectives set by NMSH are outlined and measured
in terms of targets of the mission, it is believed that
the following can be achieved:
l

ICT can be incorporated as a critical tool in all
initiatives for sustainable habitats;

l

Priorities, the required resources and ways to
implement these priorities will be identified;

l

A repository of best practices in the adoption of
ICT for sustainable habitat will be developed and
that can be shared across the industry.

Several countries have identified the role ICT can play
in designing sustainable cities and energy efficient
buildings. The most notable of them is the efforts of
the European Union. The EU, through the European
Commission’s Information Society, defines the role
ICT can play in the areas of smart sustainable cities,
energy efficient buildings, smart grids and water
management. Through various consultation papers
and reports, such as ‘ICT for a Low Carbon Economy Smart Buildings’, the Commission plays an active role
in defining the roadmap for ICT adoption towards
sustainable habitats.

3.6.4.2 Fiscal incentives for facilitating
adoption of energy efficient
ICT solutions
The total cost of implementation of ICT solutions in the
identified NMSH sectors is estimated to be INR 87,500
crore in the year 2020 and INR 2,62,500 crore in the year
2030, if only a moderate penetration of the identified
ICT solutions is achieved. The corresponding cost
savings per annum can be of around INR 26,300 crore
in the year 2020 and INR 1,06,400 crore in the year
2030. The total cost savings have been calculated from
the estimated energy savings due to moderate ICT
penetration and the corresponding cost of fuel/energy
saved (like coal, diesel, natural gas, naphtha, etc.). As
per the above analysis, the simple payback period for
implementing ICT solutions in sectors covered under
the study is approximately 40 months for the year
2020 and 29.60 months for the year 2030.
However, even then the uptake of the solutions is
not considered to be significant due to the barriers
discussed in the earlier sections. In order to provide
an impetus to the deployment of ICT solutions in these
NMSH sectors, so that the projected numbers in the
moderate scenario can be achieved, the Government
has an important role to play by providing fiscal
incentives.
a.

Taxes reduction compensated by energy
consumption savings and emission reduction

The high upfront cost of using ICT in achieving
energy efficient buildings can be reduced with the use
of various financial mechanisms. These can include
instruments, such as loans with lower interest rates,
reduced taxes, C02 taxes, changes to the fee structure
and accelerated depreciation. A key deterrent to
adoption in the building industry has been the fact
that while the investment is made by the builder, the
ultimate benefit goes to the leaser or buyer in terms
of lower operating cost of the building. In the mass
market, the builder is not able to charge a premium
(in terms of higher rent or higher price of building)
for the investments that he has made. Split incentives,
both in the implementation stage as well as during the
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Transport is also a focus sector for the expert group constituted
by the Planning Commission for low carbon economy strategy.
These ICT-led energy emission targets will be in line with its goals.
need to be provided to a builder so as to motivate
him to invest in energy efficient technologies in a
commercial building. For example, the Ministry
of Urban Development can devise a scheme such
that trained energy managers can evaluate and
certify cost savings due to the energy efficiency
measures. The equivalent amount of revenue
can then be exempted from the taxable revenue
obtained on selling/renting the space.

actual utilization of building, will help address this
problem. Some suggested fiscal incentives include:
l

Custom duty incentives: Substantial portion of ICTbased solutions for energy efficiency is imported
into India. The BMS solution, which if adapted in
the targeted manner (as per the assumptions in
the moderate scenario assumptions in Section 4.2)
and involving an estimated investment of INR
22,645 crore by 2015, has significant imported
components.
About 28% of the BMS solutions’ costs are
attributed to imported hardware and software (see
graph below). On these imported components,
suppliers pay 24% as customs duty, i.e. INR 1522
crore. Even a 50% reduction in the customs duty,
or a revenue loss to the exchequer of INR 761 crore
can lead to a higher penetration of the solutions
and a monetary saving of INR 2,300 crore a year
on account of lesser consumption of energy.

l

Income tax exemption: Generally, after
completion of construction, a builder either sells
the commercial/office space or rents it out, and
is taxed on the revenue obtained through this
transaction. Since ICT-based energy efficiency
technologies reduce the operating cost of the
building, the benefits from these technologies
are reaped by the tenants or buyers. Further,
such additional investment also increases the
builder’s cost of construction and render his rates
uncompetitive. Thus, strong policy incentives

l

Other fiscal incentives in the form of rebates,
variable property tax rates, differential loan rates
for green buildings, etc., can be provided to
builders to support renovations in buildings, with
the aim of improving energy performance (see
box on following page for some examples). This is
also in line with the 5 to 10% property tax rebate
based on energy performance recommended in
the NMSH Mission document.

3.6.4.3 Establish a National Intelligent
Transport System plan and
supporting infrastructure
The importance of establishing an intelligent transport
system is now well understood by the Indian transport
sector and the Ministry of Urban Development. The
Ministry has set up an Inter-Ministerial core group
on ITS for establishing a national framework after
bringing in all stakeholders and ministries involved.
Further, there are several organisations, such as IIT
Chennai, that are carrying out research on the national
framework. The Sustainable Habitat Mission also

BMS Cost Build-up
120%
100%

4%

80%
60%
23%

40%
20%
0%

37%
100%

5%
28%
Imported
components
(Hardware+
Software)
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3%

Custom Duty

Local components
and manufacturing

Excise duty

Services cost

Services tax

Cost to customer

Examples of Fiscal Incentives
Variation of property tax in France
Since September 2005, new buildings respecting environmental criteria can be exempted
from property tax for 15–30 years. Buildings should respect at least 4 of the following 5
criteria: 1) environmental conception and implementation of an environmental management
system; 2) environmental nuisance and waste minimization during construction; 3) energy
consumption for space and water heating interiors at regulatory levels; 4) use of renewable
materials and energy sources; and 5) implementation of energy saving measures.
Commercial buildings, US
A tax deduction of up to $1.80 per square foot is available to owners or tenants (or
designers, in the case of government-owned buildings) of new or existing commercial
buildings that are constructed or reconstructed to save at least 50% of the heating,
cooling, ventilation, water heating and interior lighting energy cost of a building that meets
ASHRAE Standard 90.1-2001. Partial deductions of $.60 per square foot can be taken
for improvements to one of three building systems that reduce total heating, cooling,
ventilation, water heating and interior lighting energy use by a certain percentage—the
building envelope (10%), lighting (20%), or heating and cooling system (20%)

proposes INR 390 crore as investment for funding
the pilot project. However, this might not be enough
for full-scale implementation. Also, no concrete plan/
steps have been laid out thus far.
It is suggested that the National Intelligent Transport
System plan, prepared under the guidance of Inter –
Ministerial core group on ITS, address the following
issues:
l

Specific goals, objectives, and timelines for
the research and deployment of intelligent
transportation systems in the context of:

l
l
l

Major urban areas;
Smaller urban and rural areas; and
Interstate highways and commercial vehicle
operations.
Evaluation of ICT solutions and their applicability
in the Indian context;
Standards and protocols to promote and ensure
interoperability in the implementation of

l
l

l
l

intelligent transportation system technologies;
Involvement of State and ULBs in developing an
integrated plan; and
Deployment targets in terms of percentage of new
and existing vehicles equipped with on vehicle
intelligent units and % of locations where the
necessary infrastructure has been instrumented.

It is estimated that implementation of ITS in nine
9 major cities in India (for assumptions refer to
Annexure), will involve an investment of INR 612.5
crore by 2015.
It is suggested that this required investment, i.e. INR
612.5 crore be set aside by the Planning Commission in
the 12th Five-Year Plan to support cities implementing
the ITS. An impetus by the Planning Commission of
this kind can lead to annual savings of INR 780 crore
a year by reducing energy consumption of fossil fuels,
such as diesel, petrol, etc.
The prerequisite for the implementation of the plan

Mysore will be the first city in the country to have an intelligent
transport system (ITS) for public transport. The project is
expected to be completed in 14 months and is estimated to cover
500 buses, 105 bus stops, six bus terminals and 45 platforms. The
project will be funded by World Bank’s Global Environment Fund
besides the Union and the state governments.
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is creation of supporting ICT infrastructure in the
formation of a digital data highway. For example, one
of the major challenges faced in the urban transport
sector is the lack of statistics and data at the city, state
and national level. This makes it difficult to formulate,
implement and monitor traffic management strategies.
The ICT-enabled digital data highway can accurately
capture and provide these information on real-time
basis.
The digital data highway is a combination of following
ICT elements:
Data capture: presence of data capture elements
such as traffic sensors at various locations of the
urban landscape
Data communication: communication of data
captured by various sensors and other systems
to centralized repository/database

Cross sector MIS and other relevant databases

Data storage: efficient storage of data into easily
retrievable format

Data extraction: various intelligent tools to extract
data out of the central repository based on user
requirements
As the implementation of intelligent transport systems
becomes more widespread, data can be made available
on real-time basis on a centralised database through
shared infrastructure accessible to users on a pay-peruse basis. For example, the highway can provide realtime information and foster optimization of supply
routes for logistics’ carriers. The information available
on the highway can also assist policy-makers in
formulating targeted policies (e.g., congestion tax).
Connectivity and accessibility of data will be a key
challenge area. This essentially requires collaboration
between the transport authorities and the telecom
and cloud service providers, who can enable realtime information transmission. With the roll-out of
3G and high data bandwidth applications, creating
shared data infrastructure is feasible at the national
level and can lead to innovative value-added services
for energy efficiencies.

Intelligent Transport
systems

State wise agricultural
outputs

Demographic data bases

Industry database

investment by the government Shared infrastructure

Last mile connectivity provided End users: Anywhere, anytime
by telecom operators
access to real time
data available on a
pay per use basis

Illustrative set-up of shared digital infrastructure
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The digital highway needs to be created by the urban
local bodies (ULBs) and State Governments. However,
efforts in this regard can be coordinated by the Institute
of Urban Transport (India), an existing institute under
the purview of the Ministry of Urban Development.
The institute can formulate the guidelines for the
implementation of digital infrastructure at the ULB/
state level. The ULBs/states will, in turn, be responsible
for implementation of the guidelines.
Infrastructure like the digital highway can be created
with active participation from private players to avoid
complete funding by the Government.

3.6.4.4 Assist in energy efficient ICT
solutions standardization and
localisation
In various discussions with technology suppliers,
diverse protocols and standards are recognized
as reasons for the higher cost of technologies in
the field of building management system (BMS).
Varying protocols usually imply that devices are not
interoperable, resulting in customers being locked
down with a single vendor; this, in a sense, creates
high switching costs for the customer and gives the
vendor the opportunity to maintain high prices.
The absence of standard protocols in the device
base also increases the production cost of smart
home management solutions. Lack of standards also
prevents mass production. Hence, to lower the costs
and to promote adoption, it is essential to establish
standards for BMS. Assisted by common standards,
the scale of implementation can be expanded and
prices brought down.
The mission document on NMSH has discussed
developing national standards for energy efficient
construction in collaboration with BIS by harmonizing
the ECBC with the National Building Code (NBC)
and Ministry of Environment and Forest’s (MoEF’s)
EIA guidelines. It is recommended that the Bureau of
Indian Standards (BIS) take up the task of establishing
standards for components of the BMS and the
protocols that enable communication between these
components.
An effort to standardize the components of the BMS
can lead to greater penetration of the technology as
has been shown by the BEE’s standards and labelling
scheme that led to widespread adoption and awareness
about energy efficient appliances,.

In addition to standardization, the cost of
implementation of the ICT solutions can be reduced
if these technologies are suitably localized for Indiaspecific conditions.
For example, many ICT solutions are not designed for
India-specific requirements. Through a centralized
initiative, a standard blueprint of localized ICT
solutions can be evolved. Such centralized development
and mass-scale adoption can substantially reduce the
cost of ICT adoption.
Localization of the technologies should also establish
strategic licensing agreements between international
and domestic players to reduce IPR related costs,
which are currently very high.
As mentioned in the NMSH Mission document,
some areas of research that can be taken up include
development of simulation software to predict energy
used in commercial and residential buildings, energy
efficient technologies like hybrid and low energy
systems, innovative HVAC technologies and building
integrated renewable energy systems.
To drive the localization efforts, a two-pronged
approach is recommended:
1.

Leverage the network of nodal agencies: The
Sustainable Habitat Mission document proposes
to use certain designated nodal agencies for
research in specific areas. For example, the
Institute for Urban Transport for Urban Transport
and The Energy and Resource Institute (TERI) for
energy efficiency in residential and commercial
sectors, respectively. These agencies can also
work towards localization of high-impact ICT
solutions.

2.

Set up Centres of Excellence (CoEs): the activities
related to R&D and localization should be carried
out by a CoE (Centre of excellence) created for
this purpose. The centre can be operated under
the aegis of existing research or educational
institutes, such as CSIR (Council for Scientific and
Industrial Research) and the IITs.

The mandate of these centres will be to:
l Customize / innovate ICT solutions for Indiaspecific needs;
l Product demonstration in conjunction with
technology suppliers
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l
l
l

Design delivery models
Assist in development of appropriate policy
regimes
Incubate private enterprises focusing on Energy
efficient ICT products and services.

Led by these centres, one of the best ways to
increase the awareness about the use of ICT towards
sustainable habitat can be the demonstration of case
studies that outline the successful implementation of
the technologies. The case studies can be about CoE
supported pilot projects. As most of the adopters are
unaware of or are hesitant to implement the solutions,
the pilot projects can act as a catalyst in spreading the
awareness.
Each pilot project should:
l

Document the problem statement (e.g., using ICT
for energy efficiency for transport);

l

Partner with various stakeholders to implement
the technology;

l

Track and document benefits realized in terms of
energy savings and emission reduction;

l

Document
deployed;

l

Document the best practices and approach for
efficient implementation;

l

Identify key stakeholders for the given area;

l

Identify benefits for each stakeholder and ways
to reduce the resistance to adoption; and finally

l

Perform cost-benefit analysis of the application;

specifications

of

technology

Once demonstration / pilot projects are conducted,
the national network of building centres for the
propagation of energy efficient building material and
technology, as proposed under the sustainable habitat
mission, can be used to spread awareness regarding
these technologies. This national network can use
existing arrangements, such as Nirmithi Kendras of
HUDCO.
The financing of the standardization and R&D
initiatives can be carried out by any or combination
of funds set aside for this purpose. These are:
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1.

The National Clean Energy Fund - A fund set up
by the Central Government from a cess charged
on coal, with an estimated corpus of INR 2,500
crore that can be utilized for R&D

2.

State Energy Conservation Fund - under the
Energy Conservation Act, 2001, this fund has
been constituted by State Governments for the
purpose of promotion of efficient use of energy
and its conservation within the State. This can
also be used for financing R&D of ICT solutions

3.

R&D funding for research to create higher
efficiency and lower cost green products – A
proposed fund of INR 10 crore to be established
under the NMSH

4.

Fund for building green demonstration projects
of best practices in key locations across India – A
proposed fund for INR 50 crore to be established
under the NMSH

3.6.4.5 Provide impetus to the sector
by applying ICT for policy
implementation
An effective policy design relies on creating reliable
and accurate baseline of energy consumption and
other KPIs across various sectors. The NMSH Mission
comprises of various initiatives, such as mandatory
certification of energy performance of all buildings,
mandating water audits and imposition of penalty
for non-compliance with waste management rules.
Due to its inherent potential to gather and assimilate
information, ICT will act as a key enabler in all these
future initiatives.
An effective implementation of the mission objective
requires access to reliable information by various
stakeholders. ICT can play a critical role in this regard.
For example, ICT can play a role in effective planning
and design of building, transport systems and urban
areas. ICT can assist in measuring whether the steps
taken by the urban bodies are meeting the servicelevel benchmarks (as mentioned in the Sustainable
Habitat Mission document). At a building level,
advanced applications are available that can simulate
the energy requirement of the buildings in the design
phase. The applications can also aid in energy efficient
architecture.
The ICT-based solutions can also play a critical role

MoUD, GoI, specification for ICT enablement in JNNURM bus investments:

The Mahatma Gandhi National Rural Employment Guarantee Scheme (MGNREGA)

•

has utilized ICT effectively in implementation of its schemes. Some areas where
ICT has been deployed /proposed to be
deployed to ensure cost and time efficient
on ground implementation include:
• Issue of e-job cards
• Web enabled MIS, which places all
relevant transaction data in the public
domain
• People information system to enable
last mile access to information
• Mobile transaction terminals for use at
the gram panchayat levels

•

•

Audio visual passenger information
system and vehicle tracking systems
A single controller should be able to
compatible with the ticketing machine
and smart card reader, and should be
able to control passenger information systems, vehicle tracking system,
route guidance and multiplex wiring
system and cameras on the bus
The controller should have inbuilt GPS,
GPRS capability to be able to integrate
with back-office intelligent transport
system requirements

in design of efficient and sustainable cities, transport
systems and waste management systems. Currently,
very few urban planners use such advanced planning
solutions. There is an urgent need to introduce such
advanced planning practices at the state and ULB
levels so that the issues of rapid urbanization can be
proactively addressed using the power of ICT.
The mission proposes to have a National Urban Policy
incorporating incentives to encourage and support
sustainable habitat. As envisaged in the National
Urban Housing and Habitat Policy (NUHP) 2007, the
states are to prepare dynamic plans, with provision for
review after every five years. Similarly, at a city level,
master plan and zonal plan is to be developed.
The mission cities under JNNURM shall develop
revised city development plans incorporating
sustainable habitat standards by the end of 2010. It
is recommended that the role of ICT in the Urban
Housing and Transport sector be highlighted in these
plans, especially with a focus on climate change
concerns
Further, the Ministry of Urban Development, in the
various schemes it develops for urban development,
can advise a certain percentage be allocated to the use
of ICT in each scheme. Guidelines such as the one in
the case of investments in buses under the JNNURM
ensure that:
l

ICT becomes an essential component of the
initiative

l

Use of ICT enables data gathering and monitoring
for effective implementation of future policies

3.6.4.6 Encouraging logistics industry to
streamline the supply chain
GPS route and fleet management technologies are
effective in reducing the number of kilometres covered
in the transportation of freight by private vehicles and
trucks. To encourage the use of such technologies, the
following measures can be considered:
l

The National Mission for Enhanced Energy
Efficiencies (NMEEE) is looking to introduce the
perform, achieve and trade (PAT) initiative for the
industry sector. The inclusion of transport into the
PAT initiative will create market-based financial
incentives to increase supply chain efficiencies,
since PAT for transport will include industries
and services

l

Another option is to create a demand-side pull
by undertaking a rating of logistics providers
similar to the “Energy Star” rating programme
undertaken in the building sector.

l

The cost of implementing GPS tracking systems
is too prohibitive for smaller players in the
unorganized sector. The Ministry of Urban
Development can evaluate the option of setting
up shared digital infrastructure that can be used
by the smaller players on a pay- per-use basis.
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Possible areas of ICT enablement for policy implementation include:
Applicable ICT Solutions
Activities
under the PAT
Scheme

Role of ICT

Servers
&
Storage

Communication and
Networking solutions

Software &
applications

Online
Platform
(Compliance and
Training)

Benchmarking
and certification of energy
performance
and building
rating systems

Central
repository of
benchmarks
and workflow based
certification
process for
applicants

√

√

√

√

Reporting of
energy audits
made for
buildings

Online system to report
audit results
and track
deviations

√

√

√

√

Tracking of
financial aid
being provided through
the mission

Tracking of
allocated
funds by
enhanced
project accounting systems, online
reporting/
tracking and
automated
dashboards

√

√

√

√

√

Implementation of certification based
tax break
systems or
housing tax
rebates

Online issue
of tax exceptions proof
based on
certification
level

√

√

Variable
power tarrifs
and tarrif discounts for energy efficient
buildings

Smart
meters to
account for
variable
tariffs and
smart billing
systems;
power load
analyser
for demand
based tariffs

√

Establishing and
monitoring
service-level
benchmarks
related to urban transport

Online system to report
and monitor
service-level
benchmarks

Reducing
knowledge
gap and
increasing
awareness

Online repository of best
practices and
training modules
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√

√

√

√

√

√

√

√

√

Information
security

BCP

Business
warehouse
& Analytics

√

√

√

3.6.4.7 Regulatory steps to improve
adoption of ICT solutions in solid
waste management

2.

Mandatory use of ICT for municipal solid
waste management
An overriding area of challenge in the area of municipal
and solid waste management is the fact that despite an
increase in both financial and human capital resources
involved in the process, the improvement in service
levels, barring in a few progressive municipalities, has
not been encouraging. ICT solutions can be leveraged
effectively to address this basic challenge.
In the area of municipal solid waste management,
suggested policy initiatives to increase use of ICT
solutions are detailed below. These can be monitored
by the district/ city level committee on climate change
(set up by the Sustainable Habitat Mission) and
implemented by the ULBs:
1.

Mandate use of GPS tracking and routing
systems: transportation of waste has to be planned
scientifically to bring about a total change in the
existing system in many of the municipalities in
the country. Use of ICT solutions to ensure regular
and synchronized transportation of solid waste is
essential to achieving improved efficiencies.

Figure 3‑23: Primary stakeholders: Commercial
and residential buildings

Mandate creation of MIS systems at the municipal
level: For planning and analysis purposes ,
information that needs to be recorded and studied
includes relevant information of the department
for planning process as well as specific information
about efficiency of service delivery, adequacy of
vehicles, optimal utilization of vehicles, etc.

3.6.5 Role of key stakeholders
For the successful implementation of the policies
suggested in the previous section, it is essential
that a favourable ecosystem for policy adoption is
put in place. The ecosystem, in turn, will rely on
its stakeholders for the overall effectiveness of the
policies. In this section, we briefly discuss the roles
of various stakeholders in realizing the full use of ICT
towards the mission objectives.

3.6.5.1 Role of key stakeholders Commercial and Residential
Buildings
In the commercial and residential buildings sector,
governmental organizations have been proactive in
recognizing the need for formulating and implementing
Central policies that encourage energy efficiencies.
However, there is a lag between potential for adoption
of ICT solutions versus actual implementation.
In the commercial buildings sector, the Government
also plays an important role of being a potential initial
adopter of ICT solutions in public and Government
buildings, therefore helping the nascent industry
stabilize and achieve initial scale. The role to be
played by the Government includes:
l
l
l
l

To act as a central agency coordinating policies
across the country;
To increase awareness through education;
To enforce implementation of ICT solutions;
To create a market for building ICT solutions:
m By mandating implementation of ICT solutions
in all Government and public buildings;
m Policy initiatives that encourage the use of
ICT solutions.

On the supply side, the key action points for ICT
vendors and ESCOs include:
l

Create innovative ways to demonstrate financial
and other benefits of implementation of the
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l

l

l

technology solutions
Collaborate within the vendor community to have
convergence of standards and interoperability of
technologies
Adapt international technologies for Indiaspecific requirements and lower the cost through
local partnerships to enable large-scale adoption
Collaborate with regulatory and policy formation
bodies to remove barriers for technology
adoption

Figure 3-24: Primary stakeholders: Urban
Transport and Solid Waste Management

The demand side of the sector is represented by the
tripartite of the builder, facility management service
provider and the end buyer\ leaser.
l

l

l

Builder: Being the stakeholder who makes the
initial investment, the builder is an important
link in the overall value chain. The group
should undertake initiatives that lead to greater
awareness of the solutions. The ICT suppliers
also need to target this group to demonstrate a
credible business case for the technologies
Facility maintenance service providers: This
group is responsible for ongoing operations of
the facility. ICT solutions providers should target
this group to bridge skill deficiencies in running
and maintaining installed technology
Buyers \ leasers: As the stakeholder group that
benefits the most from the implementation of
these technologies, this group can be critical
in creating a demand for energy efficiency
ICT solutions targeted at the commercial and
residential building sectors

3.6.5.2 Role of key stakeholders Urban Transport and Solid
Waste Management (SWM)
While in the commercial and residential buildings
sector, the government and private sector are equal
participants, the primary stakeholders in the urban
transport and solid waste management segments are
the Central and State Governments. Urban transport
and solid waste management are state subjects and
it is the primary responsibility of State Governments
to ensure that appropriate management practices
are introduced in all cities and towns. The role of
the Central Government is broadly to formulate
policy guidelines and provide technical assistance
to states/cities whenever needed. It also assists
State Governments and local bodies in human
resource development and acts as an intermediary
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in mobilizing external assistance for implementation
of transport and solid waste management projects.
Further, though solid waste management is a State
subject, it is basically a municipal function and as
such ULBs are directly responsible for performing
this important activity.
However, while urban transport and solid waste
management is an obligatory function of the State
Governments and ULBs, this service has not been
performed satisfactorily by most of them. Lack of
financial resources, institutional weakness, improper
choice of technology, lack of public participation, noninvolvement of private sector, etc., have made these
services far from satisfactory. ICT vendors focused on
urban transport and solid waste management should
recognize the importance of working with the State
Governments and ULBs when creating awareness
and demonstrating their capability in helping them
reduce emissions.
Key action steps for ICT vendors:
l

l

Participate in knowledge sharing forums targeted
at State legislative and implementation bodies to
create greater awareness about the technologies
among industry users;
Leverage Central Government policies and
regulatory changes to enhance energy efficiency
and reduce GHG emissions;

l

Collaborate with regulatory and policy formation
bodies at the state-level to remove barriers for
technology adoption.

For an overview of what role each stakeholder can play in
the recommended action groups, refer to Annexure 4.5 Role of key stakeholders across the recommended actions.

3.7

Conclusion

Our attempt to understand the current ICT scenario
in the country has revealed several key facts that need
due consideration. Building and transportation sectors
contribute significantly to the current emissions and
energy use. Steps such as establishment of Energy
Conservation Building Code (ECBS) to reduce the
energy intensity in the building sector and National
Urban Transport Policy (NUTP) and Jawaharlal
Nehru National Urban Renewal Mission (JNURRM)
are expected to have an impact on the use of ICT
solutions
With respect to abatement of GHG emissions in the
transport sector, three key ICT solutions have been

explored: mobility management systems, supply chain
and logistics optimization systems, and telecommuting
and virtual meetings. The first two solutions have the
potential to enhance the effectiveness and efficiency
of surface transportation systems through advanced
applications in information systems, communications
and sensors. The third can significantly aid in reducing
emissions in the transport sector by cutting down
business-related travel.
For the buildings sector, most of the ICT options for
achieving increased energy efficiency are economically
viable and available in the market. The sector has one
of the highest climate change mitigation potentials
through the use of commercial technologies and
practices. Energy consumption during the operation
phase of buildings is driven by two factors – energy
intensity and floor area. ICT enabled monitoring,
feedback and optimization tools can be used to reduce
these factors at every lifecycle stage of a building.
ICT can also offer ample waste management solutions
that can significantly enhance efficiency, economy
and traceability in the sector. ICT solutions can

Table 3-6: ICT solutions for focus sectors of the National Mission on Sustainable Habitat
Transport

Mobility management systems
Intelligent traffic management systems
Intelligent public transport systems
Supply chain and logistics optimization
Freight management systems
Fleet management systems
Telecommuting and virtual meetings
Telecommuting
Audio conferencing
Video-conferencing

Buildings

Design phase tools
Building design and simulation tools/software
Operation phase
Building management systems
Smart appliances
Smart occupancy controls
Intelligent building controls
Smart meters/gateways
Remote management systems

Municipal solid waste

Radio frequency identification
Route optimization and fleet management
Geographic information system
Dematerialization
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provide significant cost benefits for the financially
weak municipal solid waste management sector
by automating various aspects of its operations,
thus enabling more intelligent waste management
systems. Another significant advantage of ICT is the
contribution it can make towards reducing the overall
quantum of waste generation in the country (excluding
e-waste) by propelling the economy towards a more
service-centric pathway. Currently available ICT
solutions catering to each focus sector of the mission,
as revealed by the study are highlighted below.
Full-scale adoption of available ICT solutions coupled
with policy interventions can lead to significant CO2
reduction in these three sectors. The GHG emission
Figure 3-25: GHG emission saving potential of
ICT (moderate penetration)

Figure 3-26: GHG emission saving potential of
ICT (high penetration)

reduction potential in the year 2030 by implementation
of ICT solutions in these sectors is detailed in figure
3-25 and figure 3-26.

Cost Benefit Analysis
Investment Envisaged for Implementing the
Identified ICT Solutions
The investment required for the adoption of the
identified ICT solutions was estimated by the
following process:
Various technology suppliers/industry users were
consulted and one-to-one interactions carried out to
garner the investment data. In some sectors, secondary
research was carried out to get the information on
the investment required for implementation of the
identified ICT solutions. The estimated investment
required represents the cost incurred by the end-user
for implementing the identified ICT solutions.
The cost of the ICT solutions include various cost
components like imported and local component costs,
customs and excise duty, consultancy charges, assembly
and manufacturing costs, and other relevant taxes. It
should be noted that the investment required for ICT
solutions represent the present day costs. The analysis
has been carried out assuming the whole investment
required by 2020 and 2030 for moderate ICT adoption,
is invested in the present year and at present day’s
costs, without incorporating improvements in future
technologies. Similarly the benefit in terms of energy
savings has also been estimated at the present day’s
cost of energy. Since, only a simple payback analysis
has been carried out factors like inflation, tax breaks,
discount factors, etc., have not been considered.
Moreover, technological advancement in ICT solutions
or localization of existing ICT solutions has also not
been considered to estimate the investment figures.
The total cost of implementation of ICT solutions in the
identified sectors, considering moderate penetration
of ICT solutions in the year 2020 and 2030 is estimated
to be INR 87.5 thousand crore and INR 262.5 thousand
crore, respectively.
Cost Savings Due to Implementation of the
Identified ICT Solutions
The total cost savings that can be achieved in the
years 2020 and 2030 (Annexure) by the adoption of
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2020

2030

Cost savings per annum due to ICT solutions

INR 26,300 crore

INR 1,06,400 crore

Investment required for implementation of ICT

INR 87,500 crore

INR 2,62,500 crore

the identified ICT solutions has been calculated from
the estimated energy savings due to moderate ICT
penetration and the corresponding cost of fuel/energy
saved (like coal, diesel, natural gas, naphtha, etc.). It
should be noted that the fuel/energy costs represent
the present day costs. Since, only a simple payback
analysis has been carried out factors like inflation, tax
breaks, discount factors, etc., have not been considered.
The cost savings per annum due to implementation
of ICT solutions in the identified sectors, considering
moderate penetration of ICT solutions in the year
2020 and 2030 is estimated to be around INR 26.3
thousand crore per annum and INR 106.4 thousand
crore per annum, respectively.

policy interventions are required to ensure that the
barriers to technology adoption are lowered. Without
concerted efforts from all stakeholders and right
policy support by the Government, there is a potential
risk of underutilizing the technology towards NMSH
objectives. But, a right ecosystem created through
these interventions can lead to substantial energy
savings and GHG reduction in the habitat sector.

Key Findings and Actions
l

Leaving aside various other types of energy
efficiency measures, ICT-based measures alone
can help in achieving energy savings to the tune
of 69.67-92.52 MtCO2e in 2020 and 248.79-332.37
MtCO2e in 2030 in the sectors associated with the
Sustainable Habitat Mission. Hence, considering
the huge energy savings potential in these sectors,
these sectors may be included in the first phase of
the PAT scheme.

l

Remote management systems can beneficially be
implemented in multi-location and disintegrated
consumption points such as telecom towers,
ATMs, retail outlets, delivering energy savings to

As per the above analysis, the simple payback period
for implementing ICT solutions in sectors covered
under the study is approximately 40 months for the
year 2020 and 29.6 months for the year 2030.
Although substantial benefits are possible through
the use of ICT, the initial cost of implementation of
these technologies is high and in the absence of fiscal
and regulatory push, there is a lack of inclination to
implement the technologies. Various initiatives and

26.3
2020
87.5

Cost savings per annum
through ICT adoption
(INR thousand crore)

106.4
2030
262.5

0

100

200

Investment required
for ICT adoption
(INR thousand crore)

300
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the tune of 10%. Hence, implementation of these
systems may be accelerated through capacity
building and awareness programmes.
l

l

RMS will also play a key role in implementation
of smart grids by enabling buildings to talk to
utilities, so that the owners and occupants can
willingly participate in demand response and
energy efficiency programmes. Here again, the
adoption of RMS should be emphasized through
policy interventions.
The recommendations for achieving habitat
mission objectives through the use of ICT can be
categorized in seven key areas:
m Defining the strategic roadmap for ICT
adoption towards NAPCC/NMSH and setting
up a mechanism for effective execution and
monitoring
m Providing supply and demand side fiscal
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incentives to reduce the high cost of ICT
solutions
m Promoting education, research and outreach
to increase the awareness and availability of
skilled resources
m Promoting standardization and localization
of technologies to reduce the initial and
running cost of ICT solutions
m In certain focus areas, taking the regulatory
recourse for higher ICT adoption
m Applying ICT for implementation of
habitat mission and to increase information
availability for policy makers and end users
m Introducing targeted initiatives for transport
and building sector; for example, creating
infrastructure for the digital data highway.

4

Annexure

4.1

Calculation Approach

Energy Consumption / GHG emissions in
the sector
The total energy consumption for each sector has
been calculated by multiplying the respective (current
or future) production figure with its average specific
energy consumption. The GHG emissions for the
sector have been calculated by multiplying the total
energy consumption with the emission factor based
on the fuel mix used.
l

For each sector, the current production and the
projected production in year 2030 have been
derived from published sources (wherever
available). The CAGR based on current production
and projected production has been calculated
and the same has been applied to calculate the
production for the intermediate years. In cases
where production data for year 2030 was not
available, suitable assumption for CAGR has
been made based on published literature and the
same has been applied to estimate the production
in year 2030.

Panel on Climate Change) database of emission
factors.
For the sustainable habitat mission, the emissions
in the base year and the emissions in year 2030
have been calculated based on estimates of various
sector specific parameters (such as fuel consumption
patterns, building floor space,   average road speed,
travel data, etc.) taken from published sources
(wherever available). The CAGR / AAGR based on
base year emissions and projected emissions has been
used to calculate emissions for the intermediate years.
The emission factor for each fuel has been obtained
from the IPCC (Inter-Governmental Panel on Climate
Change) database of emission factors.

Energy savings / GHG emission reduction
potential of using ICT applications
The energy saving / GHG emission reduction potential
for each sector is calculated based on the following
parameters:
l
l

l

l

l

The current average specific energy consumption
for the sector is based on published sources. In
order to account for the various technological
improvements (contributed by non-ICT solutions)
expected to happen in the business as usual
scenario, the average specific energy consumption
in the sector is assumed to reduce by 0.4% every
year.
The fuel mix for the sector has been taken from
publicly available data (wherever available). In
the cases where the fuel mix data for a sector is
not available in any published literature, extensive
consultations have been carried out with industry
experts to obtain the same.
The emission factor for each fuel has been
obtained from the IPCC (Inter-Governmental

l
l

l

The energy consumption / GHG emission (as
calculated above)
The percentage saving potential through ICT
intervention
The possible penetration of ICT applications by
year 2030
The percentage saving potential through ICT
intervention and the current penetration level
of these applications for the sector have been
evaluated based on extensive discussions with
ICT solutions providers and industry experts.
This data has also been verified from reliable
published data (wherever available).
The penetration level of ICT applications in the
sector has been assumed to increase by the year
2030. Two scenarios of ICT penetration have
been envisaged, namely, “moderate penetration
scenario” and “high penetration scenario”. The
penetration rate is assumed to increase linearly
every year, the incremental penetration for both
the scenarios has been calculated for each sector.
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4.2 List of data/ assumptions used
Data

Value

Unit

Source

Sustainable Habitat Mission
Floor space per employee
per activity type

-

m2/employee

India Energy Outlook, Jan 2009

Number of employees per
activity type

-

Mm2

Economic Census 2005

Energy consumption pattern of urban buildings
CII - Energy Efficiency in Building
Design and Construction

Lighting

20%

%

HVAC

65%

%

Appliances

15%

%

Overall through Design

Retail40%
Pvt.
Office- 30%
Govt. office-30%
Hotels- 30%
Others- 30%

%

Smart 2020 Report, &
discussions and inputs from experts

Overall through BMS

Retail12%
Pvt.
Office- 36%
Govt. office-30%
Hotels- 36%
Others- 10%

%

Smart 2020 Report, &
discussions and inputs from experts

Lighting controls

Retail16%
Pvt.
Office- 16%
Govt. office-16%
Hotels- 16%
Others- 16%

%

Smart 2020 Report, &
discussions and inputs from experts

HVAC controls

Retail13%
Pvt.
Office- 13%
Govt. office-13%
Hotels- 13%
Others- 13%

%

Smart 2020 Report, &
discussions and inputs from experts

Reductions through ICT by 2030

Implementation/ Penetration by 2030- Moderate scenario
Overall through design

Overall through BMS

Lighting controls
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Old-15%
New-60%
Old-25%
New-50%
Old-50%
New-40%

%

Assumed

%

Assumed

%

Assumed

Data

Value

Unit

Source

%

Assumed

Sustainable Habitat Mission
HVAC controls

Old-25%
New-40%

Implementation/ Penetration by 2030- High scenario
Old-19%

%

Assumed

%

Assumed

%

Assumed

%

Assumed

7.90%

%

India Energy Outlook, Jan 2009

-0.50%

%

India Energy Outlook, Jan 2009

Assumed baseline emissions
from business travel- as a
percentage of total travel

40%

%

WWF Report

Baseline business travel
avoided due to video-conferencing in 2030- moderate
scenario

30%

%

Assumed

Baseline business travel
avoided due to videoconferencing in 2030- high
scenario

45%

%

Assumed

0.70%

%

India Energy Outlook, Jan 2009

-0.50%

%

India Energy Outlook, Jan 2009

Million tCO2

Calculated from Indian RailwaysAnnual Statistical Statements

Overall through design

Overall through BMS

Lighting controls

HVAC controls

New-75%
Old-31%
New-63%
Old-63%
New-59%
Old-31%
New-50%

Air Travel
AAGR - passenger km
AAGR - MJ/passenger km

Rail Travel
AAGR - passenger km
AAGR - MJ/passenger km
Baseline emissions in 2005

11.62

Assumed baseline consumption of business travel as a
percentage of total travel

30%

%

Assumed

Baseline travel avoided due
to video-conferencing in
2030- moderate scenario

30%

%

Assumed

Baseline travel avoided due
to video-conferencing in
2030- high scenario

45%

%

Assumed

MtCO2e

India Energy Outlook, Jan 2009

5.80%

%

India Energy Outlook, Jan 2009

30%

%

WWF Report

Road-based travel
Emissions In 2005
AAGR
Road-based travel - work
related
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Data

Value

Unit

Source

70%

%

WWF Report

8.5%

%

Assumed

12.75%

%

Assumed

Sustainable Habitat Mission
Road-based travel- nonwork related
Decrease in travel- moderate
scenario
Decrease in travel- high
scenario
Shopping transport (% of
non-work related transport)

40%

%

Smart 2020 Report

Reduction potential through
e-commerce by 2030- moderate scenario

3%

%

Assumed

Reduction potential through
e-commerce by 2030- high
scenario

5%

%

Assumed

Emission factor of motor
gasoline

69.3

tCO2/TJ

2006 IPCC Guidelines for National
Greenhouse Gas Inventories Volume
2: Energy

Emission factor of diesel

74.1

tCO2/TJ

2007 IPCC Guidelines for National
Greenhouse Gas Inventories Volume
2: Energy

Emission factor of jet kerosene

71.5

tCO2/TJ

2008 IPCC Guidelines for National
Greenhouse Gas Inventories Volume
2: Energy

Emission factor of coal

96.1

tCO2/TJ

2009 IPCC Guidelines for National
Greenhouse Gas Inventories Volume
2: Energy

Emission factor of electricity

0.8209

tCO2/MWh

CO2 Baseline Database for the Indian
Power Sector Version 5.0

Average Road speed

Delhi

27.49

kmph

CRRI Study, 2006 Chapter – 11:
Review of Road Network and Transport System City Development Plan
(http://www.ccsindia.org/ccsindia/pdf/Ch11_Review%20of%20
Road%20Network%20and%20Transport%20System.pdf)

Kolkata

19.03

kmph

http://jnnurm.nic.in/nurmudweb/
toolkit/KolkataCdp/CH-I50-123.pdf

Mumbai

43.81

kmph

http://www.easts.info/on-line/
proceedings_05/1009.pdf

Chennai

28.87

kmph

http://www.cmdachennai.gov.in/
Highlights_HLC0901200913-1-09.pdf

Bangalore

17.00

kmph

http://www.cleanairnet.org/
caiasia/1412/articles-72580_
resource_1.pdf

Pune

21.27

kmph

http://www.unipune.ernet.in/dept/
env/pei/puneivem.pdf

Hyderabad

15.00

kmph

http://www.nexus-berlin.com/
megacity/uploads/documents/
Microsoft+Word+Megacity+Report16.pdf

Ahmedabad

10.00

kmph

http://itpi.org.in/content/pdfs/
jan2004/chapter8.pdf
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Data

Value

Unit

Source

Sustainable Habitat Mission
Transport emissions per unit area from cities in 2003
Delhi

20843.82

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Kolkata

22402.15

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Mumbai

8562.01

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Chennai

34903.5

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Bangalore

32013.25

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Pune

5366.96

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Hyderabad

18258.86

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Ahmedabad

12438.69

tCO2/km2

Emissions from India’s transport sector: State-wise synthesis

Percentage of paper eliminated by2030 - moderate
scenario

25%

%

Assumed

Percentage of paper eliminated by 2030- high scenario

38%

%

Assumed

Reduction potential per
tonne of paper

1

tCO2/ton of
paper

Smart 2020 Report

Paper production trend in
India

-

MT

Indian Paper Industry, Research India
(http://www.slideshare.net/jaaaspal/
indian-paper-industry-presentation)

CO2 Emissions per CD/DVD

1

kgCO2 per
CD/DVD

Smart 2020 Report

CDs and DVDs eliminated by
2030- moderate scenario

50%

%

Assumed

CDs and DVDs eliminated by
2030- high scenario

75%

%

Assumed

Capacity of optical disc production in 2006

581

Millions

http://www.iipa.com/pdf/EstimatedOpticalDiscProductionCapacityin80CountriesFINAL020907.pdf

Production trend of components (includes CDs and
DVDs)

-

Millions

Electronics Industry in India http://
www.cci.in/pdf/surveys_reports/
electronics-industry.pdf

Dematerialization
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4.3 Identified ICT solutions
Savings Achievable through
ICT by 2030

ICT solutions for focus sectors of the Mission on Sustainable Habitat
Sector

ICT solutions

Emissions (million tCO2)

Transport

Mobility management systems

42.19- 59.06

Supply chain and logistics optimization

22.85-34.27

Telecommuting

30.84-46.3

Video-conferencing
Buildings

Design phase tools

87.09-108.86

Building design and simulation tools/softwares
Operation phase tools
(Building management systems, lighting controls, HVAC controls)
Dematerialization

Dematerialization

49.85-59.94

15.98-23.98

4.4 Cost-benefit analysis for adoption of ICT
Estimated Investment required for adoption of ICT in key sectors of NMSH with moderate
penetration in 2020 and 2030
Sector

Estimated Investment
2020

INR

2030

Buildings

86188

258600

Crore

Transport

1166

3500

Crore

Dematerialization

146

439

Crore

Total Investment

87500

262500

Crore

Estimated Cost savings per annum through adoption of ICT in key sectors of NMSH with moderate
penetration in the year 2020 and 2030
Sector

Estimated Savings
2020

INR

2030

Buildings

15750

63700

Crore

Transport

6728

27200

Crore

Dematerialization

3821

15500

Crore

Total Investment

26300

106400

Crore
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4.5 Role of key stakeholders across the recommended actions (NMSH)
Recommendations

Policy
makers

Adopters

Suppliers

Strategic roadmap for ICT adoption towards NAPCC/
NMSH
Creation of strategic roadmap and working group for
ICT for NAPCC/NMSH
Establish a National Intelligent Transport System plan
Making the ICT solutions financially attractive
Provide fiscal incentives targeted at the demand side
Offer supply side incentives to reduce the cost of production
Funding of intelligent transport systems
Promoting education, research and outreach
Set up dedicated centre of excellence focusing on ICT for sustainable habitat
Increasing awareness and outreach
Increased penetration through standardization and localization
Increased standardization of protocols
Localization and domestic production of ICT Solutions
Regulatory recourse for ICT adoption
Include energy efficiency projects in buildings in the PAT
scheme
Mandate procurement by large energy consumers
Mandatory use of ICT for municipal solid waste management
Applying ICT for policy adoption and information availability
Effective implementation of NMSH through the use of ICT
Leveraging ICT for information availability, design and planning
Targeted interventions for building and transport sector
Creation of a centralized digital data highway for transport
Encouraging logistics industry to streamline the supply chain
Target improved energy efficiencies in corporate and state data
centres

Primary role

Secondary role

Advisory role
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4.6 Abbreviations
APC

Advanced Process Controller

APQC

American Productivity & Quality Council

ASHRAE

American Society of Heating, Refrigerating and Air Conditioning Engineers

AT&C

Aggregate Technical and Commercial

BEE

Bureau of Energy Efficiency

BLY

Bachat Lamp Yojana

BMS

Building Management System

C-DAC

Centre for Development of Advanced Computing

CDM

Clean Development Mechanism

CFA

Central Financial Assistance

CFL

Compact Fluorescent Lamp

CoE

Centre of Excellence

COP

Conference of the Parties

DISCOMs

Distribution Companies

ECA

Energy Conservation Act

ECBC

Energy Conservation Building Code

EE

Energy Efficiency

EEFP

Energy Efficiency Financing Platform

EHTP

Electronics Hardware Technology Park

EOU

Export Oriented Units

EPRI

Electric Power Research Institute

ESCerts

Energy Savings Certificates

ESCO

Energy Service Companies

FEEED

Framework for Energy Efficient Economic Development

FI

Financial Institutions

GDP

Gross Domestic Product

GEF

The Global Environment Facility

GHG

Greenhouse gas emissions

GIS

Geographic Information System

GPS

Global Positioning System

GTP

Green Technology Parks

ICT

Information and Communication Technology

IEA

International Energy Association

IEC

International Engineering Consortium

IEEE

Institute of Electrical and Electronics Engineers

IEP

Integrated Energy Policy

IEX

Indian Energy Exchange

IP

Intellectual Property

IPR

Intellectual Property Rights

IREDA

Indian Renewable Energy Development Agency

IT

Information Technology

ITS

Intelligent Transport System
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JNNSM

Jawaharlal Nehru National Solar Mission

JNNURM

Jawaharlal Nehru National Urban Renewable Mission

LED

Light Emitting Diode

MIS

Management Information System

MNRE

Ministry for New and Renewable Energy

MTEE

Market Transformation for Energy Efficiency

MTOE

Metric tonne of oil equivalent

NAPCC

National Action Plan on Climate Change

NCE

National Centre of Excellence

NeGP

National e-Governance Plan

NIST

National Institute of Standards and Technology

NMEEE

National Mission for Enhanced Energy Efficiency

NMSH

National Mission on Sustainable Habitat

NMT

Non Motorized Transport

NPC

National Productivity Council

NSM

National Solar Mission

NUTP

National Urban Transport Policy

PAT

Perform Achieve and Trade

PFC

Power Finance Corporate Ltd.

PPA

Power Purchase Agreement

PPP

Public private partnership

PSE

Public Sector Enterprises

PXIL

Power Exchange India Limited

R-APDRP

Restructured Accelerated Power Development and Reforms Programme

REC

Renewable Energy Certificates

ROI

Return on investment

RPO

Renewable Purchase Obligations

RPSSGP

Rooftop PV & small solar power generation programme

SEC

Specific Energy Consumption

SEI

Software Engineering Institute

SERC

State Electricity Regulatory Commissions

SEZ

Special Economic Zone

SGMM

Smart Grid Maturity Model

SH

Sustainable Habitat

SPV

Solar Photovoltaics

STPI

Software Technology Parks of India

SUTP

Sustainable Urban Transport Project

SWM

Solid Waste Management

UIDSSMT

Urban Infrastructure Development Scheme for Small and Medium Towns

ULB

Urbal Local Bodies

UNDP

United Nations Development Programme
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