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T

he theme of this edition of the Energy Manager is Resource Efficiency
- an important aspect that goes beyond the focus on energy
efficiency and clean energy that Energy Manager and SEEM has
focussed on in the past. It is also important to broaden the scope from
energy efficiency to resource efficiency as India is witnessing high growth
rates that are over 7% which are projected to be sustained and even
increase. This high rate of development and social progress in India
seems to be resulting in an increased per capita demand for natural
resources, the cumulative effect of which is significant globally
considering the large number of people in India who increase their
material consumption. India's increased demand for energy and other
natural resources can result in increased environmental pressures
associated with extracting, processing, transporting, storing and using
these resources.

developing countries come under
acute water stress due to
increased withdrawals of internal
freshwater resources due to
population and industrial growth
as well as impact of climate
change which in turn affects the
availability of water resources.
Related to water efficiency is
agricultural efficiency measures
that reduce water use and inputs
like fertilizers and pesticide as well
as energy saving agricultural
machinery.

Against this backdrop the current edition of Energy Manager presents a
number of articles on energy and resource efficiency that range from a
lead article on industrial resource efficiency from the editor of Energy
Manager - K Madhusoodanan, an article on the use of systems approach
and ISO 50001 for energy efficiency in industries, application of energy
efficiency and cleaner technologies in the Industrial sector in India, case
on energy efficiency in a hotel in Dubai, demand side energy
management in India, low-emission transportation networks in France as
well as an article on thermal energy storage. These high quality
contributions by energy management experts put forth strong arguments
and also show-case powerful examples of how energy and resource
efficiency can be achieved in the manufacturing, service and
transportation sectors. These contributions serve to highlight that
Industrial energy efficiency and cleaner production in the manufacturing
and consumer goods has been a key pillar in efforts towards resource
efficiency in India and elsewhere.

Another opportunity space is
construction where large numbers
of residential, commercial and
industrial buildings being built
every year. This high rate of
construction offers opportunities
for savings in energy, water, land
and materials during construction
phase as well as during the
occupancy phase. Similarly
mobility and transport also offers
significant opportunities for
resource efficiency through
measures such as modal shifts to
high speed rail transport, electric
transport, fuel economy in private
and transport vehicles etc as the
demand for transportation
increases in India and other
urbanising developing countries.

However, the drive towards resource efficiency needs to go beyond
industry and energy to cover other domains. Of particular importance is
water use and water efficiency specifically in the agricultural and
industrial sectors. Water efficiency needs attention as India and other

...continued in page 51

editor's note

enhancing green initiatives

The last two decades have seen important changes
with regard to sustainability which are duly
acknowledged at the 2002 World Summit on
Sustainable Development (WSSD) in Johannesburg. As
a result, a shift towards Sustainable Consumption and
Production (SCP) was noted, whereby greater emphasis
is placed on the inter-linkages between consumption
and production. Moreover, there is the realization that
the heart of many key environmental challenges,
including climate change lies in the wasteful and
inefficient use of energy and other natural resources.
Despite the fact thatthere is increasing development of
systems and processes for the innovation and diffusion
of cleaner technologies,the development of policy
processes that reflect this deeper understanding has
unfortunately been given very little attention. Changes in
technology brought significant savings in manpower, as
well as for materials and utilities. In sustainability
terms,these savings are controversial and attention has to
be focused on ensuring that increased efficiency creates
alternative work for people, as well as for equipment.
Procedural changes often focused on auditing, material
handling and staff training, and with low associated
capital cost, these proved to be keys to success.
Resource efficiency requires cleaner production and
vice-versa. Keeping this idea in mind, UNIDO and
UNEP have moved towards Resource Efficient and
Cleaner Production (RECP). RECP recognizes that
cleaner production methods and practices lead to
multiple benefits that are critically relevant to many of
today's most pressing global challenges which
includemitigation of GHG emissions and adapting to
climate change; responding to increasing scarcity of

precious resources like water, fuels and others as well
ashalting environmental degradation and providing
decent jobs.Even though the consumption of natural
resources (e.g. raw material, water and energy) in the
industries is beneficial to the society, it is also linked
with the generation of environmental pollutants and
emissions for every product created. Global focus has
been given to resource constraints and climate crisis;
and it hasbecome one of the major concerns in the Asia
Pacific region. At present, the countries in the Asia
Pacific use resources three times greater than the rest
of the world to generate one unit of GDP which make
these nations more vulnerable to the impacts of
resource constraints and climate change. Resource
Efficient and Cleaner Production (RECP) has come as a
preventive environmental measure to facilitate pollution
prevention and reduce carbon intensity per unit of
products along with financial profit of the industry.
In 1994, a joint programme was launched by UNIDO
and UNEP to establish National Cleaner Production
Centres/Programmes (NCPCs/NCPPs). Various ways to
improveeffectiveness, efficiency and sustainability of the
Programme were identified in an independent evaluation
conducted in 2007/8, putting focus on strengthening of
the programme strategy, utilization of programmatic
funding and improvement of programme management.
Our natural environment will be an important arena for
economic competition in the coming century. Issues of
ecological nature regarding energy, pollution, natural
resources and waste are changing the competitive
landscape in many industries and offer both
opportunities and constraints. Managing ecological
variables can prove advantageous to corporations.
Environmental technologies offer a new substantive
orientation and a management process for minimizing
ecological impacts of economic production while
enhancing competitiveness of firms
In this issue of energy manager, the first article
describes on how optimized use of resources aid in
increased environment sustainability. Our second cover
feature discusses the various initiatives and schemes
taken in the aim towards strengthening energy security
and reducing energy costs. Case studies on energy
management and integrated energy systems are also
included. We hope you find this issue enlightening and
look forward to your comments and feedback.
(Please contribute your articles and
case studies to reach the editor at
madhukoovaprath@gmail.com or
energymanagerhq@gmail.com)
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hile most businesses understand the potential
savings from using energy more efficiently, many
businesses are unaware of the opportunities for even
greater savings by using materials more efficiently.The
second biggest business expenseafter labour for most
businesses are material costs which account for 30% to
80% of the cost of making a product. Material efficiency
is about doing more with less and ultimately saving
money. It means producing a product or service using
less input materials or producing more product or
service for the same amount of material. Many actions
can be taken by businesses to improve material
efficiency which range fromprocessor system changes
to reduce wastage or improve productivity; through
changing how input materials are measured and loaded;
to redesigning products and services so that they use
less material to make. Wasted material is lost revenue.
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thinking beyond
energy audits:

moving over to industrial
resource efficiency

K Madhusoodanan

Resource efficiency acts as a principal tool in the promotion of
sustainable development and all industries are under constant
competition and pressure to be efficient. However, high operating costs
still pose as a hindrance to this goal. This results in poor quality energy
audits and hence wastage of investments. Sustainability of an industry
lies in its capability to use its resources in the most economical manner
possible. In this article, the author gives a clear picture on how
optimized use of resources available can reap maximum benefits as
well as heighten the stability of the environment.

January - March 2017

Climate change is the most potent game-changer
for the current global economy
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I

ndustries are under constant pressure nowadays to
be more efficient amid increased competition and
falling demand which results in reduced operating
capacities. In spite of lower input costs owing to
falling commodity prices, operating costs remain high
on relative terms and industries are continually
seeking avenues to lower manufacturing cost.
Micro, small and medium scale enterprises (MSME's)
contribute around 7% of the manufacturing GDP and
31% of the GDP from service activities as well as 37%
of India's manufacturing output, while providing
employment to around 120 million persons.
In the current liberalized Indian economy, the MSMEs
are under unprecedented pressure to improve its
competitiveness apart from reducing environmental
footprint for survival and growth.
The importance of resource efficiency as a tool to
promote sustainable development is recognized
worldwide. The main driver for implementing resource
efficiency measures is the desire to produce more,
with less operating cost and
environmental footprint.
20% of the
world’s population
Presently, only the
consumes 80% of its
focus on optimising
resources. If everyone
energy resources
consumed at this level, it
through energy audits
would take four extra
stands as a pro-active
planets to provide
strategy adopted by
the necessary
resources.
industries to reduce
operating cost. Energy audit
objectives vary between
industries. Normally conducted to understand energy
use within the facility to find opportunities for
improvement and saving, energy audits also facilitate
performance evaluation of an energy efficiency
improvement project.

Poor quality energy audits can hinder the
success of energy efficiency projects and
often end up in wastage of investments
done by facilities. It is important to select
qualified auditing professionals with
domain expertise to do the job. In today's
context, the responsibility for energy audit
quality mostly rests with the industry
carrying out the energy audit rather than
with the auditor. This often ends up in
application of simple measures and
missing beneficial ones.

What energy audits cannot do
The broader scope of energy audits includes
preliminary facility assessment, energy use
benchmarking, finding opportunities for energy
saving, identifying alternative approaches as well as
evaluation of potential savings. Energy audits
frequently uncover a range of conservation
opportunities usually with payback periods of less
than three years.
In many manufacturing units material costs are 30 to
80% of the cost of producing a product, far greater
than labour and energy costs. Greater potential for
cost savings is available through materials efficiency
than energy efficiency alone or even labour
reductions.
Further, poor quality energy audits can hinder the
success of energy efficiency projects and often end
up in wastage of investments done by facilities. It is
important to select qualified auditing professionals
with domain expertise to do the job. In today's
context, the responsibility for energy audit quality
mostly rest with the industry carrying out the energy
audit rather than with the auditor. This often ends up
in application of simple measures and missing
beneficial ones, an incomprehensible report with an
undefined scope of work, focus on stereotype
suggestions, overestimation of savings, and
inaccurate estimation of investment costs etc. Further
the industries lack confidence as there is no
guarantee of energy savings performance. The lack of
evaluation and assessment of associated risks of
energy saving proposals on the auditor's part is also
a major factor.

Optimized resource usage will boost
environmental sustainability and economic
growth while reducing resource use across
variety of industrial segments. Such efforts
at a collective level can ensure security of
supply of natural resources and can lead to
better control over potential risks related to
access to materials, price variability of raw
materials and limit environmental pollution
risks and accidents.

Being truly sustainable
Being truly sustainable means that the industry shall
use all its resources efficiently for sustaining the drive

thinking beyond energy audits: moving over to industrial resource efficiency

Resource efficiency improvements have paved way
for new market opportunities, such as introduction of
new products and services, and also entirely new
business models.
Working with a reputable, qualified domain expert
willing to take responsibility right from audit planning
to project implementation is crucial for benefit from
energy audits as well as other resource optimisation
efforts. Implementation of identified projects help
industries reduce manufacturing cost and improve
bottom line with regard to reduced energy bills and
meeting other environmental obligations.
However, a number of barriers pose difficult
challenges to small and larger businesses in

09

January - March 2017

Clear and tangible improvements in resource
efficiency and reductions in environmental impacts
have been reported worldwide. A number of industries
especially in the SME sector are not using resources
efficiently and hence there are plenty of opportunities
for improving resource efficiency benefits in terms of
environmental, social and
economic impacts.
Recycling of energy
“We cannot
within the production
continue to do
what we have always
process and the
done...
If sustainability
integration of
is to be achieved, we will
renewable energy
have to rethink virtually
resources may
all of our industrial
generate significant
processes”
energy efficiency
Edgar S Woolard Former CEO of Du Pont
improvements and
reductions in GHG
emissions.

Optimized resource usage
will boost environmental
“Organisations
sustainability and
that effectively weaves
resource efficiency into
economic growth
their core strategy and
while reducing
operations
can drive revenue
resource use
growth, cost reduction, better
across variety of
risk management and
industrial
improved brand and
segments. Such
***********”
World Economic Forum
efforts at a collective
level can ensure security
of supply of natural resources
and can lead to better control over potential risks
related to access to materials, price variability of raw
materials and limit environmental pollution risks and
accidents. Further, cost reductions through resource
optimization and innovation and new business
opportunities contribute to the competiveness of a
company and creation of new jobs.

a quarterly magazine of the society of energy engineers and managers / India

for competitiveness of the
industry while minimizing
Sustainability
impacts on the environment.
is balancing a
This is achieved through
company’s financial,
process optimization, in
social and
environmental
order to limit consumption
performance
of energy, water and
materials and output of waste
products. The concept
encompasses review of use of raw materials, energy,
waste, adoption of energy efficient technologies,
renewable energy technologies, recycling of critical
materials and cleaner technology innovations. Cost
reduction is one of the main economic impacts of the
resource efficiency measures.

Figure : Resource efficiency - Methodology

thinking beyond energy audits: moving over to industrial resource efficiency
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transitioning towards a resource efficient economy.
Lack of information, in-house technical skills,
organizational culture, funding support and enabling
policy incentives hamper the implementation of
resource efficient economy practices by SMEs in
India. Enabling interventions for dissemination of best
practices are therefore needed to support this
transition.

usage data and identification of
opportunities for developing bankable
projects, necessitates need of a pool of
consultants with specific domain expertise
as the need of the hour.

Lack of information
Barriers to adopting resource efficiency
business practices in the SME Sector
Larger firms are more keen on taking up benefits from
resource efficiency improvement. The considerable
heterogeneity among SMEs across different sectors
and between units necessitates the issues to be
addressed at a unit level rather than at a
sector/cluster level. There needs to be more
awareness at top management/owner level to effect
this strategic sustainable transformation of the
industry. The business priorities of SMEs are often
misplaced impairing the competitiveness of the
industry at current global level. Interventions are
needed to address these barriers.

Even if some SMEs are aware of potential
benefits, they lack the specific knowledge
and capabilities to identify, evaluate and
implement specific measures. Further
base line analysis and review of resource

The lack of knowledge about the benefits of the
resource efficient economy has been identified as one
of the barriers for the proliferation best practices
among SMEs. The possible financial gain while
improving the resource efficiency is to be properly
understood on a life cycle perspective, instead of
considering that resource efficiency practices are
costly for the business and often neglecting them on
first cost basis. These measures will bring in cost
reduction and unveiling of new business opportunities
through waste minimization/recycling and
manufacture of value added products from it. Further,
the transition of industry to a resource efficient one
results in significantly reducing the environment
regulatory hurdles and other sustainability issues are
to be well appraised to the industries.
Even if some SMEs are aware of potential benefits,
they lack the specific knowledge and capabilities to
identify, evaluate and implement specific measures.
Further base line analysis and review of resource
usage data and identification of opportunities for
developing bankable projects, necessitates need of a

Many SMEs do not have the right organizational
culture and technical capacity to identify, assess and
implement resource efficiency improvement proposals
that would enable them to reduce their environmental
impacts while realising the cost savings. As a
consequence, the priorities are mostly towards low
hanging fruits and business as usual cases
suggested by suppliers, and most promising and
innovative options are often neglected. Hence,
support in terms of enhancing technical and
managerial knowledge and skills on best practice
models are available elsewhere including evaluation
of its adaptability in relevant industries. Further, there
will be difference of opinion at the organizational level
between different departments while making
decisions on correctness and relevant opportunities
thus may go unimplemented or delayed. The opinion
and recommendation of an external service provider
do matter here.

The investment needed for implementing
resource efficiency improvement projects
is one of the major barriers to the
adoption of such sustainability practices
by SMEs. The upfront cost is quite
significant in the case of SMEs, as
compared to large scale enterprises,
considering the financial risk involved
pertaining to the success of the project.
Apart from the direct financial costs, there
are also other costs such as those of time
and human resources.

Hence there is need for alternate business models to
tackle financing barriers, such as ESCO models or
revolving funds, as well as for convincing appraisers
of banks and financial institutions on the project
viability.

In order to enter global value chain,
SMEs in India need to be more
competitive and sustainable and need
comprehensive support and an enabling
policy framework at various levels in the
implementation of sustainability
measures. Turnkey solutions would
achieve a sustained increase in the
efficiency of resource use in the SME
sector, which would improve value
addition, ensure long-term economic and
environmental sustainability, reduce input
costs and improve competitiveness of
participating firms to make entry to the
global value chain.

thinking beyond energy audits: moving over to industrial resource efficiency

Organizational culture and technical skills

The investment needed for implementing resource
efficiency improvement projects is one of the major
barriers to the adoption of such sustainability
practices by SMEs. The upfront cost is quite
significant in the case of SMEs, as compared to
large scale enterprises, considering the financial risk
involved pertaining to the success of the project.
Apart from the direct financial costs, there are also
other costs such as those of time and human
resources. These costs, along with the financial risk
involved, constitute a critical obstacle for the
adoption resource efficiency improvement projects
by SMEs. Hence access to finance and other
suitable sources of funding would be critical for
SMEs seeking to improve their sustainability
performance as well as for the adoption of other
innovative business models. Financing to SMEs is
considered to be a risky business by the Banks and
other financial institutions as often SMEs face
difficulties in obtaining the collateral or guarantees
required by the banks. Lacking access to funding for
high up-front investments as well as long-term payback times really become obstacle for the SMEs
ability to innovate and for their long-term
sustainability.
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There is potential for a user friendly web platform for
member SMEs on best practice exchange and other
useful information and networking. The web platform
shall be free for the member SME's for networking
and sharing information- without jeopardizing
production/trade secrets that give them a competitive
advantage.

Financial barriers

January - March 2017

pool of consultants with specific domain expertise as
the need of the hour. Even though this involves an
extra cost especially in the case of small enterprises,
a subsidized cost effective resource efficiency
constancy service without business motive will be
quite significant for small enterprises.

thinking beyond energy audits: moving over to industrial resource efficiency

Need Turnkey Solutions
As per the discussions above, in order to enter global
value chain, SMEs in India need to be more
competitive and sustainable and need comprehensive
support and an enabling policy framework at various
levels in the implementation of sustainability
measures. While large companies have the resources
and capabilities including funding mechanisms for
implementing proposals, for most SME, this is beyond
their capabilities. Therefore, there is a greater need to
promote a platform for bridging these gaps for
resource efficiency solutions for SMEs. Considering
technical nature of the resource efficiency projects,
and the related risks and need for funding support,
the implementation of new RE measures requires
specialized know-how and expertise which is not
always present within the company itself.

DRIVERS
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materials, product quality, energy, water, waste
generation, adoption of energy efficient technologies,
renewable energy technologies, recycling of critical
materials, cleaner technology innovations and energy,
environment and quality system implementation.

The objectives at global level include reduction of
GHG emissions and associated climate change risk
and to promote sustainable development, there is a
need of systematic intervention to promote and
implement resource efficiency projects by effectively
addressing the barriers in the SME sector.

BARRIERS

w Improve Competitiveness and
bottom-line

w Lack of awareness and
knowledge among SMEs

w New Business Opportunities and
Creation of New Jobs

w Poor quality Energy Audits

w Access to enter global value chain

w Poor organisational culture and
Technical Skill

w Environmental, social and economic
impacts

w High Investment and poor access
to Capital

w Supply Security of Natural Resources
w Reductions in GHG emissions

w High Cost of Resource efficiency
consultancy services

w Promote Sustainable
development

w Lack of Turnkey RE improvement
service providers

Drivers and barriers of resource efficiency
Turnkey solutions would achieve a sustained increase
in the efficiency of resource use in the SME sector,
which would improve value addition, ensure long-term
economic and environmental sustainability, reduce
input costs and improve competitiveness of
participating firms to make entry to the global value
chain. The project encompasses review of use of raw

Mr. Madhusoodanan is the editor of
Energyη Manager.

enhanced energy efficiency
through cleaner technologies
R P Gokul and S Sundaramoorthy
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Energy efficiency in India has acquired a great
deal of importance not only due to India's global
commitment to combat climate change but also
in the wake of the government's efforts to save
primary energy sources and provide 24x7 power
to all. Rapid urbanization and increasing income
levels have witnessed a 50 per cent increase in
per capita energy consumption over the last
decade and stands at 1101 kWh . Thus
optimum utilization of energy becomes critical
for India in terms of ensuring energy security,
reduction in energy cost and achieving the
committed emission goal. This article discusses
the various initiatives proposed and schemes
taken to achieve the same, giving highlight to
the success of the Perform, Acheive and Trade
(PAT) scheme.

enhanced energy efficiency through cleaner technologies

I

ndia's import of primary energy sources stands at
356.8 Billion Tonnes of Oil Equivalent (BTOE) in
which coal & oil import accounted to 41.3 per cent. It
may be noted that majority of the primary energy i.e.,
about 120 BTOE of coal & oil and 41 per cent of
country's electricity generation is consumed by
industrial sector. On the other hand, under the
Intended Nationally Determined Contribution (INDC),
India has committed to a voluntary goal of 'reducing
emission intensity of its GDP by 33-35 per cent by
2030 from 2005 levels'.

It may be noted that majority of the
primary energy i.e., about 120 BTOE of
coal & oil and 41 per cent of country's
electricity generation is consumed by
industrial sector. On the other hand, under
the Nationally Determined Contribution
(INDC), India has committed to a voluntary
goal of 'reducing emission intensity of its
GDP by 33-35 per cent by 2030 from 2005
levels'
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Initiatives for 'Clean & Efficient Energy System’
Government of India is implementing various
schemes to enhance the efficient use of energy in
industries, utilities as well as consumer segments. A

brief of some of the key schemes are as follows:
1.

Standards & Labelling (S&L) scheme: This
scheme provides the consumer an informed
choice about the energy efficient appliance, its
energy and cost saving potential through star
labels on appliances. The scheme has resulted in
an energy saving of ~ 86 billion kWh since 2011
till March 2017.

2.

Unnat Jyoti by Affordable LEDs for All
(UJALA): This scheme aims to promote
household LED bulbs & tubes in replacement to
incandescent bulbs & tube lights. It is
implemented in association with electricity
distribution licensees (DISCOMs) and has already
resulted in significant market transformation with
the distribution of 218 million LED bulbs since
inception and over the last three years it
contributed to an energy demand saving of ~
5600 MW till March 2017.

3.

Perform, Achieve and Trade (PAT): This
scheme has identified 621 energy intensive
industrial units in eleven sectors and set targets
to reduce their specific energy consumption
within stipulated period. Incentives in the form of
tradable certificates (1 ESCERTs equals to 1
million tonne of oil equivalent - MTOE) were
provided to industries whosoever has exceeded
the targets and non-achievers have been
requested to procure ESCERTs from the market.

Sectors

Key interventions

Savings Achieved by
Industries

Cement

Increasing Pet Coke Consumption
in Clinker production

6-7 per cent saving of fossil fuel
consumption

Installation of baffles in hot gas
duct (Comer duct)

Reduction in pressure drop in the
range of 30-45 per cent & increase
in cyclone separation efficiency

Improvised O2 blowing techniques
in Electric Arc Furnace

90 per cent of Savings achieved

Pre-heating of feed from waste gas

3-5 per cent savings

Waste Heat recovery from hot stoves

10-12 per cent increase in
efficiency of stoves

Pressure mapping analysis
in air & flue gas path

Up to 1 per cent increase in Boiler
efficiency & equivalent fuel savings

Iron & Steel
sector

Thermal
Power
Plants

Textile
Sector

Target
Achieved
by sectors
(in MTOE)

15
1.44

2.1

3.06
Optimization of differential pressure
across feed regulating station

4-5 bar optimization achieved in
specific plant

Energy Efficient nozzles in
humidification plant

25-30 MWh/year depends on the
volume of plant

Light weight bobbins in ring frame

10.8 MWh/year/ring frame
(Specific Case)

VFD on Autocorner machines

A unit have achieved
331.2 MWh/year (Specific Case)

enhanced energy efficiency through cleaner technologies

Under National Mission for Enhanced Energy
Efficiency (NMEEE), the Perform, Achieve and Trade
(PAT) scheme was launched and identified 478
energy intensive industries (Designated Consumers)
in 8 sectors. The sectors include Aluminum, Cement,
Chlor-Alkali, Textile, Pulp and Paper, Iron & Steel,
Fertilizer and Thermal Power Plants, which accounted
for 34 per cent of total energy consumed in the
country during FY 2009-10. Of the notified sectors,
most of the primary energy sources are utilized by the

ICF along with BEE & FICCI reviewed the
savings achievement in PAT Cycle I and
learnings from the industries perspective. The
review implies that 63 per cent of the designated
consumers have invested a minimum of INR 10
Million and up to INR 500 Million to achieve the
target. Thus, energy efficient technology interventions
and optimum capacity utilization has resulted in over
achievement of energy savings of about 8.67 MTOE
against the target of 6.686 MTOE. Some of the key
technology interventions that helped industries in
achieving their specific energy consumption targets of
PAT Cycle I in different sectors are given below:

0.12
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Cleaner technology in industrial sector

thermal power plants, cement plant and Iron & Steel
plants. The first cycle of the scheme was effective till
March 15.
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The S&L and UJALA schemes have
resulted in an energy saving of
approximately 86 billion kWh and 5600
MW respectively

enhanced energy efficiency through cleaner technologies

On the other hand, only 74 per cent of the notified
industries over achieved their targets and 19 per cent
had met the targets. Thus, an additional savings
potential in the range of 15-20 per cent have been
identified in already notified cement, steel, pulp &
paper and textile sectors.

PAT Cycle II (2016-17 - 2018-19)

AD
DDITIONAL SAVINGS
S
P OTENTIAL
IN EXIST
TING SECT ORS
Cement
e

Iron & Steel
t

Pulp & Paper

Textille
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by most of the industries, the unrealized
savings as well as the new targets needs
best available technologies (BAT) that
have long term benefits for realization.

The anticipated energy consumption
reduction from PAT is around 8.869 MTOE
by the end of 2018-19. Since conventional
measures are already being implemented

Subsequent to the stupendous success of PAT cycle
I, PAT cycle II (2016-17 - 2018-19) was announced
and it targets a reduction of a minimum 5 - 6 per cent
in specific energy consumption in the existing
identified sectors. The anticipated energy
consumption reduction is around 8.869 MTOE by the
end of 2018-19. Since conventional measures are
already being implemented by most of the industries,
the unrealized savings as well as the new targets
needs best available technologies (BAT) that have
long term benefits for realization. Further deepening
and widening of the scheme has been achieved by
increasing units within existing energy intensive
sectors up to 621 (from 478) and by adding 3 new
sectors i.e., refineries, railways. DISCOMs have
opened up supply side options for industries through
adoption of cleaner technologies like solar PV and
biomass fuels etc. Some of the potential energy
efficiency interventions for key energy intensive
sectors to achieve the targets are tabulated below:

Sectors

Target for
PAT Cycle II
(in MTOE)

Potential Technology Interventions

Cement

1.11

Pre/Post Combustion Carbon Capture and Storage (CCS) techniques

Sector

Low & negative carbon cement alternatives
Fluidized Bed Advanced Klin Systems
Multistage Preheater systems
Organo refined techniques for coal enrichments resulted in
4 per cent ash clean coal (achieved in specific Indian steel plant)

Iron &
Steel sector

2.28

Installation of Gas fired boilers
Partial recycling techniques like LEEP, EOS etc for sintering process
Integrated Recycling with OxyCup Shaft Furnaces in order to
improve resource efficiency
Cascade water management systems

Target for
PAT Cycle II
(in MTOE)

Potential Technology Interventions

Thermal
Power
Plants

3.314

Modern pre drying process utilizing the heat from FBC & PFBC
beds lead to increase in plant thermal efficiency by 1 per cent
and a CO2 reduction of about 2.5 per cent
Carbon Capture and Utilization (CCU) techniques for CO2
emission reduction
FAst CYcling (FACY) concepts with integrated hardware and software
technology to reduce fuel consumption and CO2 emissions

enhanced energy efficiency through cleaner technologies

Sectors

Water management through ZERO BLOWDOWN & combined
technologies
Advance Cooling such as film cooling
Textile
Sector

0.088

Installation of Air flow dying machine has the potential of
achieving 45-60 per cent of fuel savings
Adoption of advanced winch machines leads to achieve up to
30 per cent of energy savings
Use of counter flow current technologies for washing leads to
40-50 per cent of fuel savings

Thus, by achieving the targets established by
Government of India, these schemes would result in
reducing the energy demand or import of equivalent
primary energy source by 124.5 MTOE by 2030. ICF
India had supported number of Designated
Consumers under PAT Cycle I in different sector and
the overall savings resulted from the joint efforts of
ICF and respective DCs are equivalent to 35,000
ESCerts. With this experience, it is estimated that PAT
cycle II along with the other schemes could contribute
to 28 per cent reduction in NDC target by 2030 from
2005 levels.

Mr. R P Gokul presently leads the
energy efficiency and climate
change team in ICF, New Delhi. He
is a certified energy auditor, with
Master drgrees in Energy
Engineering from Anna University
and Business Analytics and
Intelligence from IIM, Bangalore.

Mr. S.Sundaramoorthy is a Certified
Energy Auditor and professional in
Energy Conservation Management.
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R&D and emerging technologies: 'next practices' for energy efficiency in India

At present, Indian national energy efficiency programmes focus on identifying and
replicating the 'best practices' in industry, as there is significant untapped energy
efficiency potential even with 'best practice technology'. However, a long-term
strategy to enable the competitiveness and leadership of Indian industry must
balance the focus on 'best practices' with a major thrust on developing 'next
practices'. Improvements in processing of materials and advances in
nanotechnology hold the promise of providing designer materials with properties
that can be tuned as desired. Dematerialization, substitution of energy-intensive
materials by less energy-intensive ones and ecodesign can have a significant impact
on reducing industrial energy use. Also there is significant scope for integrating
renewables into industrial energy supply systems. We need to evolve a strategy that
combines moving from existing processes to best practices with investments in R&D
in energy-efficient next-generation processes.

I
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ncreasing oil prices and the global warming
problem have resulted in an increased emphasis on
energy efficiency in Indian industry. The recent
launching of the Perform, Achieve and Trade (PAT) [1]
scheme has highlighted the importance of
benchmarking and target setting in energy-intensive
industries. Conventionally, benchmarking is based on
statistical analysis of specific energy consumption
and comparison with the best practice in the industry.
This is a good starting point. However, this does not
tell us how much further improvement is possible. Are
we near the thermodynamic minimum or approaching
the fundamental limits? To evaluate this we need to
rely on thermodynamic analysis.

cogeneration, and by an increased share of
renewables (from 9% in 2005 to 23% in 2030) in the
industry's energy supply mix. An exergy (second-law
analysis) analysis of the global industry in 2005 [2]
has revealed an efficiency of 30%. This indicates that
major energy efficiency improvements are possible
through research and development in next-generation
processes.

EE and Renewables Scenario for Global Industry
in 2030
A recently concluded global energy assessment
(GEA, 2012) [2] has developed an energy efficiency
and renewables scenario for global industry in 2030.
Figure 1 shows a comparison of the different 2030
scenarios in terms of energy use for the frozenefficiency and business-as-usual models. The GEA
concludes that it is possible to target a 2030 industry
scenario with greenhouse gas emissions kept
constant at the 2005 values with a 95% increase in
industrial output [2] and only a 17% increase in final
energy supply. This can be achieved by increased
savings in motor and pump systems, process
improvements, pinch technology, heat pumping and

Figure 1: Existing, Frozen Efficiency (FE) and Business-As-Usual (BAU)
Scenarios for Global Industrial Energy Consumption and Savings
in 2030 [2]

Next-Generation Processes
An example of a new low-carbon process is the
Columbia kiln [3] that uses oxyfuel combustion and
integrates with carbon capture and storage to reduce
carbon dioxide emissions from cement kilns by 90%.

Improvements in processing of materials and
advances in nanotechnology hold the promise of
providing designer materials with properties that can
be tuned as desired. Nanostructured metals and
polymer composites have the potential to provide
low-weight designs while imparting strength, fatigue
properties and other properties equivalent to those of
the materials in use today [4]. Carbon nanotubebased fibres and nanocomposites also have shown
promising results. These new materials can result in
significant redesign of cars and airplanes and other
energy-intensive products. Nanofluids, where a small
portion of nanoparticles are added to conventional
heat transfer fluids, have shown promise in improving
the thermal properties of the fluid without affecting the
flow properties.

Figure 2: Materials Selection Option Based on Stiffness Versus
Embodied Energy [6,7].

Advanced processes like solar
carbothermal production of zinc have
been demonstrated on a pilot basis and
designed at 5 MW and 30 MW scales and
could potentially be game changers
depending on the progress of research. A
pilot plant was set up in the EU-SOLZINC
project using heliostats to heat a beamdown solar concentrator reactor for the
carbothermal reduction of zinc oxide to
form zinc. The pilot plant had a power
rating of 300 kW and achieved
temperatures between 1300 and 1500 K
with zinc production of 50 kg/hour.
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Newer Materials

Dematerialization, substitution of energy-intensive
materials by less energy-intensive ones and
ecodesign can have a significant impact on reducing
industrial energy use. Eichhammer [5] showed that
industrial energy use in Germany could be reduced
by 13% through material efficiency. Germany has set
up an agency for material efficiency, which
documents several case studies involving the use of
structured composites, nanocoatings in automobile
components and biogenic raw materials in industry.
The ecodesign regulation mandated by the European
Union sets minimum energy efficiency requirements
and environmental performance norms based on life
cycle analysis. Ashby [6] illustrated a systematic
basis for material choice with a comparison based on
performance parameters (Young's modulus, strength)
and embodied energy. Ashby's plot is shown in Figure
2. Allwood et al. [7] reviewed the potential for material
efficiency defined as providing material services with
less material production and processing.
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Nanostructured metals and polymer
composites have the potential to provide
low weight designs while imparting
strength, fatigue properties and other
properties equivalent to those of the
materials in use today. Carbon nanotubebased fibres and nanocomposites also
have shown promising results. These new
materials can result in significant redesign
of cars and airplanes and other energyintensive products. Nanofluids, where a
small portion of nanoparticles are added
to conventional heat transfer fluids, have
shown promise in improving the thermal
properties of the fluid without affecting the
flow properties.
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There is significant scope for integrating renewables
into industrial energy supply systems. In many niche
applications like solar thermal for low-grade process
heating and biomass-based cogeneration (sugar
factories, rice mills) renewables are already costeffective. The solar thermal concentrated systems
demonstrated in Mahananda dairy at Latur,
Maharashtra, include a 160 m2 concentrated solar
thermal dish to replace a 1 tonne/hour oil-fired boiler.
There are several examples of industrial application of
the thermal energy from biomass gasifiers, the steel
rerolling mills at Raipur being one of them. In both the
above examples the renewable solutions have been
hybridized with the existing fossil fuel supply system
and do not need additional storage. Utilization of
industrial waste can also result in viable cogeneration
systems as illustrated by the biomethanation-based
cogeneration plant at Ludhiana [8]. Advanced
processes like solar carbothermal production of zinc
[9] have been demonstrated on a pilot basis and
designed at 5 MW and 30 MW scales and could
potentially be game changers depending on the
progress of research. A pilot plant was set up in the
EU-SOLZINC project using heliostats to heat a beamdown solar concentrator reactor for the carbothermal
reduction of zinc oxide to form zinc. The pilot plant
had a power rating of 300 kW and achieved
temperatures between 1300 and 1500 K with zinc
production of 50 kg/hour [10].

Biotechnology and biomimetics
(processes that mimic nature) can also
result in radically different industrial utility
supply systems and material- and wasteprocessing systems in future.
Technological advances in electronics and
controls can enable cheaper monitoring,
diagnostics and control of industrial
process parameters. If these are coupled
intelligently with systems simulation,
modelling and optimization, processes
can move towards their best possible
performance.

Developments in nano-catalysis can also result in new
industrial process configurations using much lower
energy than used in conventional processes.

Biotechnology and biomimetics (processes that
mimic nature) can also result in radically different
industrial utility supply systems and material- and
waste-processing systems in future. Technological
advances in electronics and controls can enable
cheaper monitoring, diagnostics and control of
industrial process parameters. If these are coupled
intelligently with systems simulation, modelling and
optimization, processes can move towards their best
possible performance.

The Way Forward
At present, Indian national energy efficiency
programmes focus on identifying and replicating the
'best practices' in industry. India needs to emulate the
example of the United States, the European Union
and Japan, which have government funded R&D
programmes to support new energy-efficient and
clean technology for industrial processes. In the
United States, the Industrial Technologies Program
has provided $13 million towards funding 47 concept
definition studies [11] that seek revolutionary new
solutions to reduce energy use and carbon emissions
in manufacturing in four areas, namely, nextgeneration processes (e.g., radio frequency heating,
friction stir processing, microwave heating for
brazing), energy-intensive processes(e.g., membrane
purification cell for aluminium production), advanced
materials (e.g., ultracoatings, aerogel-based
insulation), industrial greenhouse gas emissions
reduction (e.g., high-power ultraviolet industrial curing
systems). This scheme set up by the US Department
of Energy involves public-private partnerships
between industry, academia and the national
laboratories, and has attracted 90 partners to work on
these problems.

There is a need to promote inter-disciplinary research
groups working on new approaches for energyefficient processes. Initiatives towards this end could
be launched as technology missions or virtual
research centres.
Is this likely to happen in the business-as-usual
scenario? The answer clearly is "no". Given the scarce
capital resources, sub-critical research groups and
the focus on demonstrated technology, it is unlikely

1. BEE (2012) Perform, Achieve and Trade (PAT) - an initiative
launched under National Mission for Enhanced Energy Efficiency
(NMEEE), Bureau of Energy Efficiency (BEE), Ministry of Power,
Government of India, July, 2012.
http://moef.nic.in/downloads/others/Mission-SAPCC-NMEEE.pdf.
Accessed 07 September 2013.
2. Banerjee RY, Cong D, Gielen G et al.(2012) Chapter 8: Energy End
Use: Industry. In: Global Energy Assessment - Toward a
Sustainable Future. pp. 513-574. Cambridge, UK and New York,
USA: Cambridge University Press; Laxenburg, Austria: International
Institute for Applied Systems Analysis.
http://www.iiasa.ac.at/web/home/research/FlagshipProjects/Global-Energy-Assessment/Chapter8.en.html. Accessed
14 August, 2013.
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We need to evolve a strategy that combines moving
from existing processes to best practices with
investments in R&D in energy-efficient next-generation
processes. Since the demand for energy-intensive
materials (cement, steel etc.) has attained its saturation
level in the developed countries, most of the future
growth is expected from China, India, Brazil and other
developing countries. India has significant
manufacturing potential for all these energy-intensive
materials. However, most of the intellectual property (IP)
and new technology know-how for energy-efficient
processes and clean technology are available in the
private sector, predominantly in the developed
countries. Pre-competitive consortia of industries,
academia and research institutions should be facilitated
by funding from the government. The funding for R&D
for energy-efficient processes in India is sub-critical and
needs to be enhanced. Industry groups should
collaborate with academia to set up research road
maps for long-term growth of the sector. To encourage
studies and analyses of new products, design
challenges should be announced for important products
that may result in reduced use of energy-intensive
materials and an overall reduction of material usage.

that industry will invest in long-term R&D in energyefficient and next-generation processes. Government
policy and investment are focused on dissemination
and diffusion of best practices, as there is significant
untapped energy efficiency potential even with "best
practice technology". However, a long-term strategy to
enable the competitiveness and leadership of Indian
industry must balance the focus on "best practices"
with a major thrust on developing "next practices".
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Pre-competitive consortia of industries,
academia and research institutions should
be facilitated by funding from the
government. The funding for R&D for
energy-efficient processes in India is subcritical and needs to be enhanced.
Industry groups should collaborate with
academia to set up research road maps
for long-term growth of the sector. To
encourage studies and analyses of new
products, design challenges should be
announced for important products that
may result in reduced use of energyintensive materials and an overall
reduction of material usage.

energy management
systems and ISO 50001:
a proven climate and
energy saving strategy
Graziella F Siciliano
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Efficient use of energy helps organizations
save money, conserve resources and tackle
issues such as climate change. The ISO
50001 energy management standard has
proven to be a strong framework for
industrial facilities, commercial facilities, or
entire organizations to manage energyincluding all aspects of energy procurement
and use. This standard supports
organizations in all sectors to use energy
more efficiently, making it easier to integrate
energy management into their overall efforts
to improve quality and environmental
management. This article highlights two case
studies which throw light on the fact that in
today's time, majority of energy service
companies, manufacturers and other
organizations are integrating ISO 50001
standard into their sustainability strategies
in order to reduce costs and carbon
emissions, thus accelerating its growth.

n the world of the Paris Agreement, governments
and businesses have been empowered to take big
steps to reduce energy and carbon emissions.
Individual companies can make a powerful
contribution to addressing the energy challenge in
their day-to-day activities and help achieve their
country's climate goals. In this context, a strategic
approach to energy management has demonstrated
value, as energy efficiency is the least expensive,
most quickly deployable, and cleanest of all energy
resources. This is where ISO 50001 can make a real
difference.

The ISO 50001 energy management
standard is recognized as the international
best practice for energy management
systems (EnMS).Concretely, increased
adoption of ISO 50001 could mean a
reduction of CO2 emissions equivalent to
removing 215 million passenger vehicles
from the road by 2030. It can also result in
energy savings of USD 600 billion (62 Exa
joules) over the same time period.
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The ISO 50001 energy management standard is
recognized as the international best practice for
energy management systems (EnMS). It's structured
framework helps organizations and individual facilities
integrate energy efficiency into their daily operationsthereby continually improving their energy
performance and reducing emissions. Its guidance
can be used to secure resources for business
continuity and resilience, adapt to change, and hedge
against volatile energy prices and unconventional and
intermittent energy resources. Concretely, increased
adoption of ISO 50001 could mean a reduction of CO2
emissions equivalent to removing 215 million
passenger vehicles from the road by 2030. It can also
result in energy savings of USD 600 billion (62 Exa
joules) over the same time period.
For individual organizations, ISO 50001 means
empowerment. "Living in a world of uncertainty,
companies cannot control prices, government
policies, or the global economy, but they can improve
the way they manage energy," said Roland Risser,
Chair of ISO technical committee ISO/TC 242 on
energy management, which developed the standard.
"The benefits are obvious: better use of resources
and assets and less costs and consumption. Not to
mention the added bonus of letting the world know
that they are helping to make our planet a more
sustainable place. We all win."
Winning is indeed what many organizations feel they
are doing after adopting ISO 50001. Their experiences
with EnMS were collected by the Energy Management
Working Group, an inter-governmental initiative under
the Clean Energy Ministerial (CEM) and International
Partnership for Energy Efficiency Cooperation
(IPEEC), which seeks to drive government
collaboration to support policies and programs to
encourage the uptake of ISO 50001. In 2016, the
EMWG launched the Energy Management Leadership
Awards Program to globally recognize early adopters
of ISO 50001. 35 companies in 20 countries were
selected for recognition and submitted case studies
outlining their experiences with the energy
management standard. The Award-winning case
studies are available on the EMWG website. The
case studies present the strong business case for
energy management and can be shared to raise
companies' awareness of the many opportunities to
be had by implementing ISO 50001.

USD 3.5 million annually. The company
has committed to implementing ISO 50001
at 40 sites by 2020, which will encompass
90% of its global energy footprint.

Case Study 1: Cummins, Inc.
Cummins Inc., a global company involved in power
generation productions, received top honors, the
Award of Excellence, in the 2016 Energy Management
Leadership Awards Program. For Cummins, energy
management led to an energy performance
improvement of around 20% (20.25%) and savings of
over USD 3.5 million annually. The company spent
about USD 1.4 million to implement EnMS across nine
sites in three countries: India, the United Kingdom
and the United States; the payback period for the
initial investment was only 12 months. The company
has committed to implementing ISO 50001 at 40 sites
by 2020, which will encompass 90% of its global
energy footprint.
Energy management became a priority for Cummins
for a number of reasons. The company's
environmental policy mandated company actions to
reduce its emissions and impacts on natural
resources. The company's efforts to measure its
global footprint highlighted opportunities to reduce its
impacts and contribute to the bottom line through
energy efficiency. Initial successes in these areas
created further momentum and ultimately brought
stakeholder recognition of Cummins as an energy
and environmental leader. Senior management and
global employees rallied around the effort due to
continued success in driving efficiency and reducing
operating cost and risks. The company also found
that its efforts to measure and manage energy
positioned it well to comply with developing
energy/carbon related regulatory requirements and
costs. Non-energy drivers included the desire to be
recognized by employees, customers and
shareholders as a company known for social
responsibility, of which energy efficiency and CO2
reduction are a part. Employee motivation played a
key part as well, since all employees contributed to
energy efficiency and were involved in related
measures across the company.

Case Study 2: JK Lakshmi Cement Ltd.

For Cummins, energy management led to
an energy performance improvement of
around 20% (20.25%) and savings of over

JK Lakshmi Cement Ltd., based in Rajasthan, India,
saw similar successes. The cement company realized
total energy cost savings of ` 903 million after an
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Energy management also helped the company
achieve its energy reduction target under India's
Energy Conservation Act. The EC Act, which came
into force in 2001, aims to reduce the energy intensity
of the Indian economy and provides a regulatory
mandate for energy consumption norms for energy
intensive industries. JK Lakshmi Cements target was
part of the Perform Achieve & Trade (PAT) scheme of
India's Bureau of Energy Efficiency (BEE), the EC
Act's implementing body. Companies in eight energy
intensive sectors were given a unit specific energy
reduction target to achieve in three years, between

2012 and 2015 (PAT Cycle-1). Thanks to ISO 50001,
JK Lakshmi Cement succeeded in reducing its
specific energy consumption by about 15% (14.82%)
in this period, close to 10% over its target of 4.91%.

Keys to Success
Cummins Inc. and JK Lakshmi Cement Ltd. are just
two examples of the many success stories of ISO
50001 from different countries. For instance the
Korean chemical company LG Chem Ltd., another
Award of Excellence winner in 2016, reduced its
energy consumption by 10% and costs by USD 9
million through EnMS. Brazilian electric and power
company WEG reported a reduction in electric energy
consumption of 17% on test laboratories and 13% on
production assembly lines. For many companies, the
business case for implementing ISO 50001 was
irrefutable.
"Energy management made sense," said Joao Alfredo
Silveira, Manager, Department of Training and
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initial investment of ` 2832 million, with an average
payback period of 38 months. Like Cummins, JK
Lakshmi Cement reported that ISO 50001
implementation improved the company's brand
image, raised employees' and others' awareness of
energy consumption and energy conservation, and
encouraged close monitoring of major energy
consuming activities and equipment, among other
benefits.
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Continual Improvement at WEG. "We had already put
some effort into efficient equipment, so for us the
greatest benefit was that it helped our employees to
become aware of the importance of saving energy at
every step. It helped us introduce a culture of energy
efficiency." Employees were a part and parcel of
WEG's success, as they needed to believe in what
was being accomplished for energy management to
work. "This starts with the clear definition of policies,
procedures and goals, which are then consolidated
by training and qualifications. Once that's done, your
people will make things happen," Silva observed.
Employee engagement was a key element to
successful ISO 50001 implementation in many
organizations. Other factors included: early buy-in
from senior management; setting external goals and
transparent reporting; understanding patterns of
energy consumption; using readily available tools and
procedures; harnessing on-site technical expertise;
benchmarking against past performance; partnering
with others outside the organization; and
acknowledging and rewarding accomplishments.

Regardless of a company's size or sector,
the ISO 50001 framework helps shape
policy for efficient energy use, set targets
to drive progress, and facilitate databased decisions about energy use to
reduce costs year after year. Moreover, the
standard continually challenges
organizations to deliver greater energy
savings, while ensuring these gains are
sustained in the long-term

Conclusion
ISO 50001 is a win-win strategy for companies and
governments looking to reduce their carbon footprint
and energy use. Regardless of a company's size or
sector, the ISO 50001 framework helps shape policy
for efficient energy use, set targets to drive progress,
and facilitate data-based decisions about energy use
to reduce costs year after year. Moreover, the
standard continually challenges organizations to
deliver greater energy savings, while ensuring these
gains are sustained in the long-term. Even
organizations with mature energy efficiency programs
can still improve by 10% or more after using ISO
50001. Governments can leverage the Energy

Management Leadership Awards to recognize
companies for their accomplishments and raise
visibility of the business case of ISO 50001. With
economic and energy sustainability becoming critical
issues, it is clear that industrial energy management
is the way to go for businesses and governments to
help shape a prosperous future.
The Energy Management Working Group (EMWG)
brings government officials together worldwide to
share best practices and leverage their collective
expertise to accelerate the use of EnMS in industry
and commercial buildings. Governments participating
in the EMWG include Australia, Canada, Chile, China,
the European Commission, Finland, Germany, India,
Indonesia, Japan, Mexico, the Republic of Korea,
Saudi Arabia, South Africa, Sweden, and the United
States. The EMWG was launched in 2010 by the
Clean Energy Ministerial and International Partnership
for Energy Efficiency Cooperation.
The Clean Energy Ministerial (CEM) is a high-level
international forum that promotes policies and
programs to advance clean energy. Established in
2009, it has 24 member countries including the
European Commission. The CEM is focused on three
global climate and energy policy goals: improving
energy efficiency worldwide, enhancing clean energy
supply, and expanding clean energy access.
The International Partnership for Energy
Efficiency Cooperation (IPEEC) is an autonomous
partnership of nations founded in 2009 by the G8 to
promote collaboration on energy efficiency. Its
membership now includes 17 G20 economies, which
represent over 80% of global energy use and over
80% of global greenhouse gas emissions. In 2016,
IPEEC was designated the lead coordinating
organisation for the G20 Energy Efficiency Leading
Programme, the G20's first long-term framework for
energy efficiency.
Ms. Graziella F. Siciliano is the
Senior Fellow, Office of International
Affairs at the U.S. Department of
Energy and has been the
Coordinator for the Energy
Management Working Group
(EMWG) since 2012.

Energy efficiency is a widely used term. In the context of
industrial energy efficiency, energy refers to various forms of
energy sources that can be purchased, stored and treated
such as oil, coal, gas and electricity which are used in
equipment or in a process. This article aims to provide a
guideline to standardize the energy (and demand) savings
calculation procedures to reap maximum benefits from
demand side management and establishing an energy use
monitoring system or assessing the opportunities for
improving energy use. It also addresses determination of
energy savings by comparing before and after energy use
and making adjustments for non-ECM changes.
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n a strictly technical definition, energy efficiency is
simply the useful energy output over energy input
for any device. For instance, in a power station, the
efficiency will be useful electricity or output divided by
the energy content of the fuel input.
However, this technical definition is not what is usually
meant by energy efficiency. Energy is used in two
types of systems: conversion devices such as internal
combustion engines, light bulbs or power stations,
and passive systems such as buildings/processes
where useful energy is degraded to low-grade heat in
return for providing useful services such as thermal
comfort and desired material properties. We
commonly use the term "energy efficiency" to cover
both situations.

Energy efficiency really incorporates two
concepts: technical energy efficiency for
conversion devices, and energy
performance for passive devices and
systems. An effective energy management
system requires the creation of an
environment in which established
assumptions can be challenged and
where the whole firm is involved with clear
allocation of responsibilities and
resources.

Energy management as a discipline
Energy management as a definable management
discipline began to emerge in the 1970s and 1980s
after the oil crises of 1973/74 and 1979. Improving the
energy performance of any particular industrial
process (or building) involves technical issues but it is
really a management problem. Many cost-effective
energy efficiency technologies exist across all
industries/buildings - and applying them requires
management.
The following are recommended features of an
effective energy management system:
w Create a culture in which established assumptions
can be challenged
w Involve the whole firm, not just engineering or
technical departments
w Allocate clear responsibilities and resources
w Integrate energy efficiency into life cycle decisions
about new plant and equipment
w Integrate energy management into daily
operations
w Use appropriate performance measurements and
feedback loops
w Aim for continual improvement
w Set stretched but achievable objectives with
periodic reviews.
w Use consistent and simple language in
documentation

Here, a more accurate term than energy
efficiency is "energy performance". Therefore, the
all-encompassing term 'energy efficiency' really
incorporates two concepts: technical energy
efficiency (useful energy out/energy in) for conversion
devices, and energy performance (energy in/useful
output) for passive devices and systems. Typical
measures of energy performance include - kWh per
square metre for buildings to produce a certain
temperature for a certain period, or kWh per 1,000
units of production in a factory.
In addition, energy efficiency can further divided
into:
w Passive energy efficiency (i.e. energy
efficiency/process performance improvement
through integration project identification and
implementation)
w Active energy efficiency (stringent procedure for
real time data monitoring, analyzing and
reporting).

Together, these features bring focus and structure for
top management and all employees of enterprises to
be actively involved in bringing about continual
improvements in energy efficiency.

A structured approach to energy
management/energy performance improvement.

Measurement & Verification plan provides
the basis for documenting performance in
a transparent manner that can be subject
to an independent, third party verification.
A good M&V plan balances the savings
uncertainty associated with energy
improvement projects against the cost to
execute the plan.

M&V plan provides the basis for documenting
performance in a transparent manner that can be
subject to an independent, third party verification. A
good M&V plan balances the savings uncertainty
associated with energy improvement projects against
the cost to execute the plan.
Policies should promote the use of measurement and
verification (M&V) systems. M&Vof energy use is a
key part of any energy management programme. It is
essential in order to judge whether energy efficiency
projects have delivered the planned results. A good
M&V plan defines the methods and techniques that
will be used to determine savings resulting from
specific energy efficiency projects.

Basic methodology
There is no direct way of measuring energy use or
demand savings since instruments cannot measure
the absence of energy use or demand. However, the
absence of energy use or demand can be calculated
by comparing measurements of energy use and/or
demand from before and after implementation of an
energy conservation measure (ECM).

Approaches to determine energy savings:
There are specific approaches for determining
savings and advises on appropriate application of
each. This guideline defines terms to help reduce
uncertainty and control the costs of assessing an
ECM's performance.
To properly document the impact of the ECM, its
energy effect must be separated from the energy
effect of the increased production. The "baseline
energy" use pattern before ECM installation was
studied to determine the relationship between energy
use and production.
Following ECM installation, this baseline relationship
was used to estimate how much energy the plant
would have used each month if there had been no
ECM (called the "adjusted-baseline energy"). The
saving, or 'avoided energy use' is the difference
between the adjusted-baseline energy and the
energy that was actually metered during the
reporting period.
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The basic method involves projecting energy use or
demand patterns of the pre-retrofit (baseline) period
into the post-retrofit period.

In this common form, the derived savings can also be
considered as avoided energy use or demand, since
if the retrofit had not taken place, the post-retrofit
period energy use or demand would have been that
much higher.
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Measurement and Verification (M&V) is a process of
using measurement calculation and/or modeling to
reliably determine actual energy/utility savings
achieved within a facility by an energy management,
energy conservation or energy efficiency project or
program.

Such projection requires adjustment of baseline
energy use or demand to different conditions of
weather, occupancy, or other energy governing
variables.
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Measurement and Verification (M&V)

Fig.1 Figure Determining savings and steps for M&V.
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w cannot be directly compared with savings
predicted under baseline conditions.
"Normalized savings" style of savings :

Reporting-period basis or avoided energy use
When savings are reported under the conditions of
the reporting period, they can also be called avoided
energy use of the reporting period. Avoided energy
use quantifies savings in the reporting period relative
to what energy use would have been without the
ECM(s). When reporting savings under reportingperiod conditions, baseline-period energy needs to
be adjusted to reporting-period conditions.

w are unaffected by reporting-period conditions
since the fixed set of conditions are established
once and not changed.
w can be directly compared with savings predicted
under the same set of fixed conditions.
w can only be reported after a full cycle of reportingperiod energy use, so that the mathematical
correlation between reporting-period energy and
operating conditions can be derived.
The calculation of the reporting period routineadjustments term usually involves the development of
a mathematical model correlating reporting-period
energy with the independent variables of the reporting
period. This model is then used to adjust reportingperiod energy to the chosen fixed conditions.

Documenting baseline conditions
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Fixed conditions basis or normalized savings
Conditions other than those of the reporting period
may be used as the basis for adjustment. The
conditions may be those of the baseline period, some
other arbitrary period, or a typical, average or 'normal'
set of conditions.
Adjustment to a fixed set of conditions reports a style
of savings, which could be called "normalized
savings" of the reporting period. In this method
energy of the reporting period and possibly of the
baseline period are adjusted from their actual
conditions to the common fixed (or 'normal') set of
conditions selected.

What basis for adjustment, or which type of
‘savings?'
Factors to consider when choosing between avoided
energy use and normalized savings:

During the post-retrofit period there may be changes
in the design or use of the building that invalidate the
baseline model. In order to provide a proper basis for
future adjustments, appropriate operating conditions
during the baseline period shall be recorded. The
conditions to be recorded depend on the facility and
its operation and the methods to be used to detect
changes. However, the types of information normally
required as a minimum are:
w

occupancy pattern, density, schedule, and type,
for each of the typical seasons

w

throughput or other plant loads on typical and
average days in each operating mode

w

operating schedules and key set points of energyusing systems for all operating modes

w

spot measurements under known operating
conditions, where separate circuits serve distinct
types of constant loads

w

non-routine functions of the facility, their dates and
impacts on operations

w

the nature and timing of any breakdown of
significant energy-using equipment

w

equipment name plate data, except where
changes are likely to be easily noticed and
documented, for example, addition of more space
or new services

"Avoided energy use" style of savings:
w are dependent upon the reporting period's
operating conditions. Even though savings can be
properly adjusted for phenomena such as weather,
the level of reported savings depends upon the
actual weather.
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Variables used in computing savings shall be
measured over a period of time that is long enough to
w Encompass all operating modes of the retrofitted
system(s),
w Span the full range of independent variables
normally expected for the post retrofit period, and
w Provide the intended level of certainty in the
reported savings.

A wide variety of modeling techniques may
be used, ranging from simple averaging to
regression analysis and hourly simulation.
For any given set of data, some
techniques may more faithfully predict a
period's actual energy use than others.
The modeling method chosen shall be
consistent with the intended uncertainty of
the savings determination and shall
contain no net determination bias.

Calculations
A baseline model must be developed to correlate
actual baseline energy use and/or demand with
substantive fluctuating independent variables. This
model is then regularly applied in an algorithm for
savings determination, to derive energy use under
post-retrofit period conditions.
A wide variety of modeling techniques may be used,
ranging from simple averaging to regression analysis
and hourly simulation. For any given set of data,
some techniques may more faithfully predict a
period's actual energy use than others. The modeling
method chosen shall be consistent with the intended
uncertainty of the savings determination and shall
contain no net determination bias.

Common element of all approaches for
projecting energy savings:
Selecting relevant independent variables:
The independent variables are the forcing functions of
the energy-using system. A proper analysis of any
system requires that the most significant independent
variables be identified, measured, over the period of
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Setting the duration of the post-retrofit
measurement period
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interest and then considered in any savings
computation. All reasonable variables should be
tested, using such parameters as the "t-tests" to
determine which variables are substantive. Coefficient will be considered significant if the t-statistics
is greater than 2.0.

Net determination bias:
The necessary assumptions and the unavoidable
errors in metering of energy use and demand
introduce random error and bias into the computed
savings. The algorithm for savings determination used
in whole building and retrofit isolation approaches
shall tested for net determination bias. Net
determination bias shall be no more than 0.005% for
whole building and retrofit isolation approaches.

Modelling uncertainty
The guideline prescribes to validate, to represent how
well a mathematical model describes the variability in
measured data.
Data validation and derived Model uncertainty/Model
validation.
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R2 value: Coefficient of Determinations: Indicates the
proportion of response variation R²: Coefficient of
Determination "explained" by the regressors. The "Rsquared" value represents the measure of the extent
to which variations in the dependent variable from its
mean value are explained by the regression model.
CV (RMSE): Coefficient of Variation of the Root Mean
Squared Error. Indicates the uncertainty in the model.
Coefficient of variation of the root mean squared error
- CV (RMSE) - is the RMSE normalized by the average
y-value. Normalizing the RMSE makes this a nondimensional that describes how well the model fits the
data. It is not affected by the degree of dependence
between the independent and dependent variables,
making it more informative than R-squared for
situations where the dependence is relatively low. An
example of Energy Efficient chiller plant replacement:Based on the detailed energy audit carried out at site,
the Building owner decided to replace the old
reciprocating (280 TR x 4) chiller units with energy
efficient screw chiller ( 500 TR x 2 Nos.). In addition,
Measurement and Verification Plan (MVP) was
prepared to describe how sustainable energy savings
is achieved, because of this facility upgradation
project.

Normalised saving (key parameter
measurements)
Key measurement parameters: Power drawn and
Tonnage generation per hr. per day. Other parameters
to consider operating days.
Potential interactive effects: Reduced heat load based
on occupancy variation and weather condition; which
has been fixed and assumed based on date of base
line measurement.
Approach for conducting measurement and collecting
data Power draw: Instantaneous real power readings
are to be measured prior to the retrofit.
Operating hours: to be estimated based on
discussion with staff.

Base line data:
Install flow meter & Power Analyser (calibrated) + 2%
of the measured value
Temp. gauge+ 0.5 deg. C or better the measured
value
Pressure gauge + 0.2 % or better the measured value
Hygrometer + 0.5 deg. C or better the measured
value
Collect full operating characteristics of the old chiller
common header- average hourly load (tons) and kW
Operating days with a fixed condition 260
days/annum. Unit cost Rs.5.5/kWh .
Data correlation and Model development based on
15th July 2014 is as shown below
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Data

Factor from above equation.

kW

July - 15

Load

Fixed

Load

Total

TRh

95

0.62

kW

kW Saving

6.00 - 7.00

500

900

95

558

653

153

7.00 - 8.00

420

800

95

496

591

171

8.00 - 9.00

225

300

95

186

281

56

9.00 - 10.00

265

400

95

248

343

78

10.00 - 11.00

310

450

95

279

374

64

11.00 - 12.00

320

500

95

310

405

85

12.00 - 01.00

382

600

95

372

467

85

13.00 - 14.00

435

700

95

434

529

94

14.00 - 15.00

500

800

95

496

591

91

15.00 - 16.00

490

800

95

496

591

101

16.00 - 17.00

520

850

95

527

622

102

17.00 - 18.00

515

850

95

528

622

107

18.00 - 19.00

490

800

95

496

591

101

19.00 - 20.00

430

700

95

434

529

99

20.00 - 21.00

360

600

95

372

467

107

21.00 - 22.00

295

500

95

310

405

110

Total

1604

Total : -INR 22.93 Lacs/annum @ Rs.5.5/kWh
(Note: uncertainty has not been calculated for this example.)

References:
w

ASHRAE Guideline 14-2002

w

Best Practices and Case Studies for Industrial Energy
Efficiency Improvement by Steven Fawkes

w

International Performance Measurement and Verification
Protocol
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guidelines to prepare
ISO 50001:2011
compliant energy
management system
implementation plan
Rama Krushna Chary

Any organization can develop an energy management
system (EnMS) plan in line with the ISO 50001
Standard: Energy Management System.
The primary objective of an EnMS plan is to identify
the significant energy users and to optimize the
energy consumption within the organization. The
following goals can be set while developing an EnMS
plan for an organization:
w Maximize fiscal resources through direct and
indirect energy savings
w Comply with applicable in-house, national and
international HSE regulations

guidelines to prepare ISO 50001:2011 compliant energy management system implementation plan

I

SO 50001:2011 specifies the requirements for
establishing, implementing, maintaining and
improving an energy management system, the
purpose of which is to enable an organization to
follow a systematic approach for achieving continual
improvement in energy performance, which includes
energy efficiency, energy use and energy
consumption.

w Reduce the environmental impact of all operations
w Increase the comfort and safety of employees and
all others concerned with the organization

w Provide the guidance and leadership necessary
for the adoption of a culture of sustainability

Purpose and Scope
The purpose of EnMS plan is to optimize the energy
use in an organization by implementing the energy
management system as per the ISO 50001:2011
Standard.
An EnMS plan can be developed to formalize any
energy management programmes in line with the
organization's existing procedures and in a strategic
manner allowing for proactive pursuit of optimal
energy solutions that will lead to environmental,
societal and economic benefits. The plan can be
implemented over all operations, facilities, services
and so on.

Energy Management System (EnMS) Function
Model
Energy Management System (EnMS) function model
(Figure 1 ) describes the overall two-way (expectation
and deliverable) process flow from energy champion
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w Improve the reliability of equipment and reduce
maintenance cost
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The primary objective of an
Energy Management System
(EnMS) Plan is to identify the
significant energy users and to
optimize the energy consumption
within the organization. Two levels
of committees shall work for
implementation of the energy
management system plan,
namely, the energy management
committee and energy council.
Identification of the energy profile
is critical to understanding where
energy is used within the
organization and forms the basis
for prioritizing the efforts to
reduce energy consumption.
Based on the energy profile and
baseline data gathered for almost
a year, EnPIs for different
departments shall be established.
All established EnPIs shall be
reviewed regularly. All records
generated by this plan shall
comply with relevant procedural
requirements.

guidelines to prepare ISO 50001:2011 compliant energy management system implementation plan
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Figure 1 : Energy Management System (EnMS) Function Model

to employees. It can be specifically designed for any
particular organization for its effective EnMS plan
implementation.

The Energy management committee shall
be headed by the organization's top
management representative and include
all departmental managers as members
and departmental HSE head as energy
management focal point. All approval
decisions related to energy management
system plan shall be taken in this
committee. Energy council is a

departmental level committee headed by
the respective department manager and
with supervisors as its members. Energy
council shall look after all EnMS plan
matters at the department level.

Organizational structure for the Energy
Management System
Two levels of committees shall work for
implementation of the energy management system
plan, namely, the energy management committee and
energy council. Energy management committee shall

Energy council is a department-level committee
headed by the respective department manager and
with supervisors as its members. This committee shall
look after all EnMS plan matters at the department
level. (See Figure 2 for more details.)

Key Roles and Responsibilities of EnMS
Organization
Energy champion
1. Ensure implementation of the energy management
plan
2. Communicate the energy management policy
3. Achieve energy management plan objectives and
targets
4. Delegate responsibilities to relevant levels of
management
5. Ensure that new projects/equipment/facilities have
inbuilt effective energy management systems
6. Ensure existing equipment/facilities are upgraded
with effective energy management tools
7. Provide necessary resources for effective
implementation of the EnMS
8. Ensure that an effective energy management plan
review process is in place

guidelines to prepare ISO 50001:2011 compliant energy management system implementation plan

be headed by the organization's top management
representative and shall include all departmental
managers as members and departmental HSE head
as energy management focal point. All approval
decisions related to energy management system plan
shall be taken in this committee.

Management representative

Figure 3 briefs the key steps involved in an EnMS
plan in line with the ISO 50001 Standard.

2. Extend support to energy councils for establishing
energy management plan performance measures
3. Provide guidance and support for the
implementation of energy management plan
requirements
4. Carryout review of HSE documents during the
project's concept, design, construction and
commissioning phases for incorporation of energy
management measures
5. Ensure that awareness and training programmes
are in place for all employees
6. Ensure that on-site energy audit and assessment
are being done
7. Maintain communication and coordination among
departments to share knowledge, good practices
and lessons learnt
8. Assess and update the EnMS plan status in
management review meetings

Head of energy council

Figure 3: Outlines of Energy Management System Plan

1. Support the energy champion in implementation of
the energy management plan

39
a quarterly magazine of the society of energy engineers and managers / India

Outlines of Energy Management System Plan

1. Extend support to energy councils for the
implementation of energy management plan
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Figure 2: Organization Structure for Energy Management System (EnMS)
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2. Accountable for the implementation of energy
management plan

6. Communicate best energy management practices
to the immediate supervisor

3. Monitor the energy management plan performance
measures to achieve targets

7. Report adverse energy management conditions to
the direct supervisor

4. Ensure the adequacy of resources to implement
the energy management plan
5. Ensure that all phases of the projects incorporate
energy management measures
6. Provide the necessary energy data or inputs to the
management representative
7. Ensure compliance with applicable legal and other
requirements
8. Facilitate, participate in and extend full
cooperation for energy assessments/audits
9. Conduct management review within the
department

Energy council members
1. Support the energy council in implementation of
the energy management plan
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2. Accountable for the implementation of energy
management plan requirements
3. Achieve the energy management targets and
deliverables
4. Ensure that all employees are equipped with
required skills to competently perform tasks
5. Provide necessary energy data or inputs to the
energy council
6. Ensure compliance with applicable legal and other
requirements
7. Facilitate, participate in and extend full
cooperation for energy assessments/audits

Employees
1. Carryout assigned activities to the highest
efficiency level
2. Accountable for implementation of energy
management plan requirements
3. Be familiar with the energy management plan
requirements
4. Maintain access to systems and procedures that
relate to energy management
5. Participate in energy assessments/ audits

The purpose of developing an energy
profile is to understand the areas of
significant energy consumption, that is, the
buildings, equipment and processes that
account for the highest energy use or that
offer the maximum potential for energy
savings, and the drivers for this energy
consumption. The drivers can include
factors such as production volumes,
weather, occupancy, floor area and so on.

Detailed Energy Management Plan
Upon in-principle approval by management, the
energy council in co-ordination with energy
management representative shall establish an energy
management plan that would address the following:

Energy profile
The purpose of developing an energy profile is to
understand the areas of significant energy
consumption, that is, the buildings, equipment and
processes that account for the highest energy use or
that offer the maximum potential for energy savings,
and the drivers for this energy consumption. The
drivers can include factors such as production
volumes, weather, occupancy, floor area and so on.
Identification of the energy profile is critical to
understanding where energy is used within the
organization and forms the basis for prioritizing the
efforts to reduce energy consumption.
In line with ISO 50001 the following would be
considered during establishing the energy profile of
an organization:
1. Analyse energy use based on measurement and
other data
2. Based on energy use analysis, identify the areas
of significant energy use
3. Identify and prioritize opportunities for improving
energy performance, including use of renewable
or alternative energy sources where applicable.

Energy Sources
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More details on the energy planning process and energy management system implementation plan are
presented in Figures 4 and 5 .
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Figure 4: Energy Planning Process Concept Diagram
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Figure 5: Energy Management System Implementation Plan
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Energy baseline
Keeping in view the seasonal variations and
operational dynamics, it is recommended that at least
1-year energy consumption data be collected and
analysed to generate the profile. The initial profile
(energy baseline) serves as the starting point against
which future improvements are measured.

Energy performance indicators (EnPIs)
Based on the energy profile and baseline data
gathered for almost a year, EnPIs for different
departments shall be established. EnPIs are
quantitative indices of energy performance as defined
by the organization. The concept of an EnPI can be
used to compare organizational performance at
different points in time. They should be selected to
facilitate monitoring of performance especially in the
areas of significant energy use identified during
energy profiling. All established EnPIs shall be
reviewed regularly.

Legal and other requirements
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Energy council shall identify and maintain the
applicable legal requirements and other requirements
to which the organization subscribes related to its
energy use.

The energy council shall establish,
implement and maintain documented
energy objectives and targets at the
relevant functions, levels, processes or
facilities within the department. The
energy objectives and target(s) shall be
measurable and a time frame shall be set
for their achievement. The objectives and
targets shall be consistent with the energy
policy, including commitments to improve
energy performance and to comply with
applicable legal obligations and other
applicable requirements.

within the department. The energy objectives and
target(s) shall be measurable and a time frame shall
be set for their achievement. The objectives and
targets shall be consistent with the energy policy,
including commitments to improve energy
performance and to comply with applicable legal
obligations and other applicable requirements.

Energy Management System Awareness
Programme
Management representative shall develop the
awareness programme schedule for all departments
and implement the same. Subsequently all
departments should develop the resources to provide
the EnMS awareness sessions regularly for effective
implementation within the departments.

When procuring energy services, products
and equipment that have or may have an
impact on significant energy use, energy
council or superintend of contract shall
inform suppliers that procurement is partly
evaluated on the basis of energy
performance. Energy council or
superintendent of contract shall define the
criteria in coordination with departmental
HSE Team for assessing energy use over
the planned or expected operating lifetime
of energy-using products, equipment and
services that are expected to have a
significant effect on the organization's
energy performance.

Implementation of Energy Management System Plan
General
All phases of implementation shall be carried out as
outlined in Figure 5, the energy management system
implantation plan. In case of any change/deviation to
the above-mentioned plan, it is mandatory to get prior
approval from energy champion for the change before
its implementation.

Proposed targets
The energy council shall establish, implement and
maintain documented energy objectives and targets
at the relevant functions, levels, processes or facilities

Training and awareness
All departments across the organization shall prepare
their human resources through necessary training and

"

Significant energy uses

"

Roles and responsibilities

"

Benefits of improved energy performance

"

Significant elements of the energy management
programme including targets, control measures etc.

Departments shall update their EnPIs and energy
significant user (ESU) management programmes
periodically to the department HSE team. Department
HSE team shall compile this information for the
concerned department for further review processes.
Department HSE team shall develop
assessments/audit criteria to assess the compliance
level and also compile all audit findings and plan
status at the department level, to be reviewed with the
management.

Documentation
The departmental HSE team shall establish the
criteria for maintaining an energy use register (EUR)
and EUR management programme in line with
existing HSE MS procedures and the ISO-50001
standard. Upon approval of these criteria by the
energy champion, all departments shall comply with it
and develop their respective departmental energy use
register and EUR management programme in
coordination with the departmental HSE Team.

Design
Departments shall develop the mechanism for
incorporation of energy performance improvement
opportunities in the design of new, modified and
renovated facilities, equipment, systems and
processes that can have a significant impact on
energy performance.

Procurement of energy services, products,
equipment and energy
When procuring energy services, products and
equipment that have or may have an impact on
significant energy use, energy council or superintend
of contract shall inform suppliers that procurement
shall be partly evaluated on the basis of energy
performance.
Energy council or superintendent of contract shall
define the criteria in coordination with departmental
HSE team for assessing energy use over the planned
or expected operating lifetime of energy-using
products, equipment and services that are expected
to have a significant effect on the organization's
energy performance.
Departmental HSE team shall define energy
purchasing/contract specifications as applicable for
effective energy performance, and, upon energy

Management Review
All inputs from the performance-checking section,
namely, EnPIs, ESU management programme
updates and audits status, and other relevant
programmes shall be reviewed periodically in
management forums.

Outcomes of management review shall be considered
as and when required to update or modify the energy
management system plan or its relevant documents
for the purpose of effective implementation.

Records Retention
All records generated by this plan shall comply with
relevant procedural requirements.

References
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champion's approval, these shall be communicated to
the concerned.
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awareness programmes for effective implementation
and monitoring of the EnMS plan. All departments
shall have certified or trained energy auditors. The
awareness sessions shall highlight at the minimum
the following elements:

thermal conductivity
enhancement of
phase change materials
Ashwin N and Nidhi Agarwal
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In recent years, thermal energy storage systems have been
receiving increasing recognition as one of the most efficient ways to
enhance the energy efficiency and sustainability. In building
applications, phase change materials not only improve the indoor
thermal comfort but also enhance the energy efficiency. Due to its
low energy charging/discharging rates, it is necessary to enhance
thermal conductivity of the PCMs. This article discusses the process
of insertion of various high thermal conductivity additives to
enhance thermal conductivity and form the composite PCM sought
to achieve high energy charging/discharging rates.

thermal conductivity enhancement of phase change materials

One of the drawbacks in using PCMs is
their low thermal conductivity, which
affects the charging and discharging
rates. Metal foams are very effective in
enhancing the thermal conductivity of
PCMs due to their higher magnitude of
thermal conductivity (> 80 W/mK). Apart
from that, high porosity and internal
structure also aids in a faster phase
change process and make PCMs form
stable.

One of the drawbacks in using PCMs is their low
thermal conductivity, which affects the charging and
discharging rates. Therefore, for developing efficient
latent heat thermal energy storage (LHTES) systems,
various methods have been investigated such as
dispersing high conductivity particles and inserting
metal into the PCM matrix.
Metal foams are very effective in enhancing the
thermal conductivity of PCMs due to their higher

magnitude of thermal conductivity (> 80 W/mK).
Apart from that, high porosity and internal structure
also aids in a faster phase change process and make
PCMs form stable. The various metal foams used for
this purpose were Aluminum (218 W/mK), Copper
(398 W/mK) and Nickel (91.4 W/mK) [1] [2]. The
major drawbacks of using metal foams are the
suppression of natural convection effects, and the
increase in weight and volume of the systems. These
disadvantages have led to the idea of dispersing high
conductivity particles into PCM matrix.
For enhancing thermal conductivity of organic PCMs,
various fillers such as carbon nanotubes, coal series
kaolin, titanium oxide and graphite have been tried
and tested [3]. Form stable PCMs, which retain their
shapes even at temperatures higher than the melting
points of PCMs, have gained wide popularity.

Form stable PCMs using a mixture of
organic PCMs and polymers like
polyolefins polycarbonates, styrene
copolymers and polyurethanes have been
developed. Graphite, due to its higher
orders of thermal conductivity, lower costs
and ease of mixing is one of the
enhancers suitable for the purpose, and
amongst the various forms of Graphite,
expanded Graphite has been found to be
the best.
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hase change materials (PCMs), one of the
promising media of Thermal Energy Storage, are
broadly classified into two types: organic and
inorganic. Among these, inorganic PCMs have a
higher latent heat as compared to organic ones at the
expense of undesirable characteristics such as supercooling, phase segregation and corrosion.
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Figure 1: Step by step process of Graphite to Expanded Graphite

A specialized process of making form stable PCMs
using a mixture of organic PCMs and polymers like
polyolefins (HDPE, LDPE, PP) polycarbonates,
styrene copolymers (SBS, SEBS) and polyurethanes
(PU,PIR) have been developed. Graphite, due to its
higher orders of thermal conductivity, lower costs and
ease of mixing is one of the enhancers suitable for
the purpose, and amongst the various forms of
Graphite, expanded Graphite has been found to be
the best. The internal Graphite layers of Natural
Graphite get separated and develop microstructures
or worm-like particles with a flattened irregular
honeycomb network that provides more surfaces both

for material support as well as for the flow of the heat,
upon conversion to Expanded Graphite. This results
in a composite with improved dispersion of PCM,
better form stability and thermal conductivity [4].
Expanded Graphite, also known as intumescent flake
graphite, is a form of intercalated graphite.
Intercalation is a process by which an intercalant
material like sulphuric acid and nitric acid is inserted
between graphene layers of a graphite particle, which
changes the characteristic properties of the resulting
intercalated Graphite. A wide variety of species are
used to intercalate graphite materials such as

thermal conductivity upon addition of Expanded
Graphite to the PCM matrix. The properties of Form
Stable PCMs produced by Pluss were revamped by
the use of Expanded Graphite, which in turn was
instrumental in successful launching of various
products such as Miracradle® and ceiling tiles. The
suitability of thermal conductivity enhancer is an
important factor in most applications of PCMs, and
Expanded Graphite is unarguably one of the best
additives for the same purpose.

thermal conductivity enhancement of phase change materials

halogens, alkali metals, sulfate, nitrate, various
organic acids, aluminum chloride, ferric chloride,
other metal halides, arsenic sulfide, thallium sulfide,
etc. This is then converted into the exfoliated form by
treating at high temperatures, which render many
useful properties to the Graphite such as increased
surface area, decrease in bulk density etc [5].

Figure 2: Ceiling Tiles Made from Reinforced Form Stable PCM

Figure 3: Miracradle in use and its Components
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Expanded Graphite is infused into the PCM network
by the process of melt mixing, through which it gets
uniformly dispersed in the PCM matrix. During early
stages of research, development of microwavable
PCM was made possible by the use of expanded
Graphite. The exfoliated structure of Expanded
Graphite helps in forming a uniform dispersion with
PCM matrix. When other forms of Graphite were tried,
they would form lumps, which led to localized
heating, and hence the problem of spark production.
Expanded Graphite constitutes upto 10% by weight of
the Form Stable PCM, which provides an
interconnected network of open pores. These pores
get filled with PCM, providing dual advantages of
higher thermal conductivity and better form stability.
Experiments have shown almost five-fold increase in

References
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The exfoliated structure of Expanded
Graphite helps in forming a uniform
dispersion with PCM matrix. When other
forms of Graphite were tried, they would
form lumps, which led to localized
heating, and hence the problem of spark
production. Expanded Graphite
constitutes upto 10% by weight of the
Form Stable PCM, which provides an
interconnected network of open pores.
Experiments have shown almost five-fold
increase in thermal conductivity upon
addition of Expanded Graphite to the PCM
matrix.
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innovation through
integrated systems:
a case study
Schneider

S

ome of the common challenges faced by any
hotel operating in Dubai include a volatile oil
market, rising energy prices, disappearing subsidies,
and the highest expectations from guests.
Nevertheless, Hilton Worldwide wanted to meet a
critical need in a city looking to further boost tourism
and offer an affordable four-star, focused-service
option in an area saturated with five-star offerings.
Before they could do that, however, Hilton had to
answer some tough questions: How could they keep
operations lean and efficient? To what extent could
they control energy costs? Would they be able to
meet tight development timelines and still ensure the
facility met their sustainability standards?
And, most importantly, could they do all of this and
still deliver an exceptional guest experience?
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The largest Hilton Garden Inn, Mall
of the Emirates, is now one of
Hilton's most efficient and
sustainable hotels. In partnership
with Schneider Electric, Hilton
overcame the challenges inherent in
the region, and opened the largest
Hilton Garden Inn outside the U.S.
By integrating the building, guest
room, and property management
systems, Hilton was able to increase
both operational efficiency and
energy efficiency, while achieving
guest satisfaction far above the
benchmark.
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Going green in the desert
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This fast-paced development included the added
challenge of achieving certification in the LEED®
building program, the most widely used green
building rating system in the world. Certification in
LEED (short for "Leadership in Energy and
Environmental Design") is overseen by the U.S. Green
Building Council.

PMS) is unique and has significant advantages, with
only a handful of hotels in the world currently
employing it so far. Because of this integration, every
phase of a guest's experience is recognized by the
system. For example, when a guest checks in to
Hilton Garden Inn, Dubai, the PMS communicates this
to the BMS, which then, through the GRMS, adjusts
the temperature from its "unoccupied" set point to its
"stand- by" set point. A motion sensor on the SE8000
Room Controller then detects when the guest enters
the room and the GRMS again adjusts the
temperature to an "occupied" set point.

It provides a framework that project teams can apply
to create healthy, highly efficient, and cost-saving
green buildings. LEED certification is a globally
recognized symbol of sustainability achievement.

When the guest leaves the room, again the system
adjusts to save energy. When the guest checks out,
the room temperature goes into deep setback to
further enhance energy savings.

Once their objectives were set, Hilton chose the
Schneider Electric EcoStruxure™ Building
Management solution. Integrating building
management system (BMS) and guest room
management system (GRMS) with Hilton's property
management system (PMS) on a single technology
platform was crucial to Hilton achieving its goals.
They wanted to do their part in combating climate
change, and to have a facility that was both
operationally efficient and energy efficient, all while
maintaining their high standard for guest satisfaction.

The effect is that you have an entire, integrated
energy management system preparing for and
accommodating guests with the proper temperatures
in their room at all times, while lowering energy costs
for the hotel. And the seemingly minor temperature
changes of one or two degrees can add up to
thousands of dollars in energy savings for the hotel
throughout the year.

Located next to the Mall of the Emirates and its worldfamous indoor ski slope, Hilton Garden Inn, Dubai,
was constructed on a tight timeline.

The hotel was awarded LEED Gold Certification and
actually opened ahead of schedule.

Integration of the three systems (BMS,
GRMS, and PMS) is unique and has
significant advantages, with only a handful
of hotels in the world currently employing
it so far. The effect is that you have an
entire, integrated energy management
system preparing for and accommodating
guests with the proper temperatures in
their room at all times, while lowering
energy costs for the hotel. And the
seemingly minor temperature changes of
one or two degrees can add up to
thousands of dollars in energy savings for
the hotel throughout the year.

Achieving efficiency through integration
Integration of these three systems (BMS, GRMS, and

At Hilton Garden Inn, Dubai, the integrated systems
also control hallway lighting, shutting some lights off
to save energy when the hallway is unoccupied. And
motion sensors turn the lights on immediately when
guests or hotel staff are detected.

The benefits of system integration make
the engineering department's job easier as
well. From one desktop, the entire system
can be seen and managed. BMS gives
engineers the capabilities they need to
adjust parameters for the two sources of
heating used in the hotel - solar and gas and to use both efficiently, heating their
water supply while controlling energy
costs and delivering a superior guest
experience.

Keeping cool in the Middle East
For guests, the SE8000 Room Controller makes
adjustments easy with an intuitive touchscreen
interface. The controller can display welcome
messages from the hotel, be used to promote events
or special offers, and can be set to different

Monitor and control all guest rooms

w

Manage individual rooms, or the entire
network of rooms

w

Monitor and manage energy usage

w

Automated energy management can achieve
energy savings of 25% - 44% through
occupancy detection, set point configuration,
and temperature standby

w

Operators can identify rooms that are out of
temperature range and troubleshoot,
avoiding energy waste

w

View and manage room conditions and
equipment such as occupancy, temperature,
humidity, HVAC, curtains, DND/MUR, door,
and window status

w

Troubleshoot problems remotely and perform
proactive maintenance

The staff has the ability to monitor conditions in every
area of the property, allowing them to be in full control
of what is happening throughout the facility. BMS can
also be configured for remote monitoring from laptop
computers, smartphones, or tablets.
In a region bathed in sun year round, Hilton also
made use of solar energy for the Hilton Garden Inn,
Dubai. BMS gives engineers the capabilities they
need to adjust parameters for the two sources of
heating used in the hotel - solar and gas - and to use
both efficiently, heating their water supply while
controlling energy costs and delivering a superior
guest experience.

Innovating for the future
Since the BMS, GRMS, and PMS are integrated and
able to share data, the combined solution effectively
grows "smarter." This evolution will mean greater
efficiency and energy savings for Hilton Garden Inn,
Dubai, and consistent comfort for their guests. In fact,
the hotel plans to pursue additional certifications
under the LEED program.

...continued from page 04

All these efforts to be resource efficient in India and
other large and rapidly developing countries will also
have a direct positive influence on the climate change
goals of the Paris Agreement that aims to limit the
global warming to below 1.5 ° C. Increased levels of
resource efficiency will result in reduction in
greenhouse gases that would have been emitted
during extraction, transport and consumption of natural
resources. Also increasing resource efficiency in
sectors linked to human settlements such as
agriculture, food, water, land use, buildings etc. will
also help increase the security of resources and will
help vulnerable populations in India and other
developing countries to be resilient to future impacts of
climate change.

There is an urgent need to take a broader scope when
addressing resource efficiency that goes beyond
energy and fuels and one that goes beyond industrial
production. Efforts targeting resource efficiency often
have high economic and financial returns and will also
have positive environmental impacts. The high-growth
rate of the Indian economy offers an opportunity to use
progressive public policies and market based
incentives to make the India growth story resource
efficient. This opportunity is also available in many
developing countries that are experiencing high
economic growth rates - particularly in Asia and Africa.
Energy managers will have a pivotal role to play in this
transformation by targeting new opportunity spaces in
mobility, construction, agriculture etc. which offer
significant promise.
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Electric Guest Room Management System

The benefits of system integration make the
engineering department's job easier as well. From one
desktop, the entire system can be seen and
managed. Alerts notify the staff when there's an issue
with a system or connected device. Any potential
concerns can be managed remotely before guests
even notice.

rethinking cities in a post carbon society: an open public debate over lifestyles

languages. The screen also dims at night so guests
can sleep without distraction.
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French observatory
for energy and
environment in transport

ADEME

french observatory for energy and environment in transport

C

haired by Professor Yves Crozet (University of
Lyon - IEP), the OEET is co-led by ADEME, the
French Ministry of Sustainable Development and the
Interprofessional Technical Centre for Studies on Air
Pollution (CITEPA).

Organisation
A review board is responsible for approving the tools,
methods and results from the Observatory's work.
This work is conducted by three technical committees
that bring together professionals and experts
recognised in their respective fields:
w

The "passenger" committee;

w

The "freight" committee;

w

The "infrastructures" committee.

Passenger transport
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The OEET's assessments are sent to public
authorities in order to clarify their decisions and
provide reference data. The main assessments and
working reports conducted by the Observatory are
available in French, and some documents are
available in other languages.

January - March 2017

At the end of 2007, following the
request of stakeholders in the
transport sector, ADEME
established the French
Observatory for Energy and
Environment in Transport (OEET).
The task of the Observatory is to
assess emissions according to a
common methodology. This
assessment will then be used in
the mandatory reporting of
greenhouse gas emissions for
transport services and orders, as
well as in producing ecocomparators. In its work, the OEET
associates all passenger and
freight transport stakeholders, and
transport infrastructures:
associations, regional and local
authorities, companies, State
services and trade unions. A
charter made available to
participants specifies the
Observatory's tasks and methods.

french observatory for energy and environment in transport

French Transport Code requires transport
service providers to inform service users
of their carbon dioxide emissions (freight
and passenger); the subsequent work
relating to this provision mobilised the
OEET from the beginning of 2008 to the
end of 2012.

Mandatory information on CO2 emissions
Article L1431-3 of the French Transport Code
(formerly Article 228-II of Act no. 2010-788 of 12 July
2010 on the national commitment to the environment)
requires transport service providers to inform service
users of their carbon dioxide emissions (freight and
passenger).
Work relating to this provision mobilised the OEET
from the beginning of 2008 to the end of 2012.
Discussions with the representatives of the relevant
stakeholders, experiments by volunteers, and the
drafting of preparatory documents have enabled four
reference texts to be produced and adopted:

January - March 2017

a quarterly magazine of the society of energy engineers and managers / India

54

w Article L1431-3 of the French Transport Code of 24
February 2011, which establishes the principle of
CO2 information disclosure from transport services;
w French Decree no. 2011-1336 of 24 October 2011
on the provision of information regarding the
quantity of carbon dioxide emitted during a
transport service: this specifies the methods for
implementing Article L1431-3;
w Order of 10 April 2012 implementing Articles 5, 6
and 8 of French Decree no. 2011-1336 of 24
October 2011 on the provision of information
regarding the quantity of carbon dioxide emitted
during a transport service: this order sets out the
emission factors for the various energy sources
and the default values (known as level 1 values)
that can be used;
w Order of 10 April 2012 implementing Article 14 of
French Decree no. 2011-1336 of 24 October 2011
on the provision of information regarding the
quantity of carbon dioxide emitted during a
transport service: this order sets 1 October 2013
as the date after which CO2 information becomes
mandatory.
Finally, a methodological guide for transport service
providers was drafted in 2012 under the leadership of
ADEME and the French Ministry of Ecology, in
consultation with the OEET.

A review in 2010 listed the calculation
tools known as "eco-comparators" and/or
"eco-calculators" which were used
internationally for assessing energy
consumption and the environmental
impacts of passenger and/or freight
transport solutions. In December 2010, the
OEET produced the first framework
method for CO2 calculators or
comparators for passenger transport
solutions in France.

Transport eco-comparators and eco-calculators
The French Observatory for Energy and Environment
in Transport carried out a review in 2010 in order to
draw up a list of the calculation tools known as "ecocomparators" and/or "eco-calculators" used
internationally for assessing energy consumption and
the environmental impacts of passenger and/or
freight transport solutions.
Then, in December 2010, the OEET produced the first
framework method for CO2 calculators or comparators
for passenger transport solutions in France.
The Observatory developed a calculation method for
assessing the environmental impact of the modal shift
from private cars to RLPT. This method is provided to
project leaders to enable them to assess the
reduction of CO2 emissions and energy savings.

Assessment of the CO2 energy impact of RLPT
projects
A call for projects framework to promote the
development of reserved lanes for public transport
(RLPT) was established in order to finance Urban
Transport Organizing Authority (AOTU) projects in
French towns and conurbations.
The aim is to encourage bus or tramway travel (with
dedicated traffic lanes) and reduce the use of private
cars. The Observatory has developed a calculation
method for assessing the environmental impact of the
modal shift from private cars to RLPT. This method is
provided to projects leaders to enable them to assess
the reduction of CO2 emissions and energy savings
from the modal shift related to their project.

RATP, the Autonomous Operator of Parisian
Transports, is a state-owned public transport
operator headquartered in Paris. RATP has
developed a CO2 calculator available directly from
the homepage of the company website. Every time
a request is made for a trip, the results page
indicates the CO2 impact of the travel. Two values
are given and show the CO2 equivalent emissions
due to traction energy for one passenger:

w CO2 emissions generated by using public
transport (distance hypotheses for public
transport are 'as the crow flies' distances
between each stop for all modes)
w CO2 emissions generated by the same trip
done by using the car (distance hypotheses for
car are 'as the crow flies' distances multiplied
by the correction factor defined for the Ile-deFrance Region).

Screenshot of the RATP carbon calculator embedded in the trip calculator, RATP

french observatory for energy and environment in transport

CO2 CALCULATOR IN PARIS (RATP)

Mandatory reporting of CO2 emissions
Article L1431-3 of the French Transport Code
(formerly Article 228-II of Act no. 2010-788 of 12 July
2010 on the national commitment to the environment)
requires transport service providers to inform service
users of their carbon dioxide emissions (freight and
passenger).

Challenges for big lorries
With regards to freight transport challenges, the State
has prioritised the development of non-road modes of
transport (river, sea and rail).
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french observatory for energy and environment in transport

However, given the predominance of road transport,
optimising this mode remains an important issue.
That is why the Secretary of State for Transport
commissioned the French Observatory for Energy and
Environment in Transport to examine the issues
concerning big lorries.
The OEET finalised its report in December 2010. The
approach implemented focuses on the consequences
of authorizing these vehicles in terms of a modal shift.
Impacts on infrastructures, engineering structures,

Transport infrastructures

European standard NF EN 16258

Part of the OEET's work includes the issue of

In conjunction with the development of the CO2
information for transport services scheme in France,
carried out within the framework of OEET, European
methodological work was conducted within the
European Committee for Standardization (CEN),
based on the proposal of France, from the beginning
of 2008. The European working group
(CEN/TC320/WG10) and the French mirror
commission (CEGEST) were coordinated by engineers
from ADEME's Transport and Mobility service.

impacts of vehicles, their construction, and the
operation and maintenance of infrastructures used by
these vehicles represent environmental challenges
that should be clarified.
a quarterly magazine of the society of energy engineers and managers / India

With regard to passenger and freight transport, the
Carbon Database uses level 1 values from the "CO2
information for transport services" scheme.

report either.

and restraining systems, are not considered. Impacts
on road safety, social acceptability, sound nuisances

transport infrastructures. In addition to assessing the
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The Carbon Database is a French national database
of public data containing a set of emission factors
and source data. It is designed for the regulatory or
voluntary production of Greenhouse Gas balances.

The Carbon Database also provides the electricity and
fuel emission factors that are used in the "CO2
information for transport services" scheme. It should
be noted that greenhouse gases other than CO2 are
included in the Carbon Database.

and local pollution emissions are not dealt with in this
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Carbon Database

Established in July 2009, the OEET's Infrastructures
Technical Committee produced two reports:
w The first one (April 2011) outlines the
methodological approach of the assessment of
transport infrastructures on the scope of
construction, operation and maintenance, and on
the energy and environmental aspects;
w The second report (September 2012) is a guide for
reviewing transport infrastructure environmental
assessment software solutions (eco-comparators)
(or "TIEASS"), designed for any organisation
responsible for reviewing these tools.

The Carbon Database uses level 1 values
from the "CO2 information for transport
services" scheme. It also provides the
electricity and fuel emission factors that
are used in the same scheme.
Greenhouse gases other than CO2 are
also included in the Carbon Database.

This work made it possible to produce a European
standard at the end of 2012 on methods for
calculating and declaring the energy consumption
and greenhouse gas emissions of transport services
(freight and passenger). This standard is available
from AFNOR, in French and English, under the
reference NF EN 16258. Appendix 6.1 of the
methodological guide "CO2 information for transport
services" shows the link between the European
standard and the French scheme.

COFRET
The European research and demonstration project,
COFRET, selected within the framework of the 7th
Framework Program and subsidised by the
Directorate for Research of the European
Commission, focuses on the carbon footprint of
freight transport. Its objectives include establishing a
method for calculating the greenhouse gas emissions
of complex logistics chains.

In France, carbon reporting has been compulsory since December 2012 for private sector organisations
with more than 500 staff; public sector organisations with more than 250 staff; regional, sub-regional and
local authorities with more than 50,000 inhabitants; and central government.
This information is publicly available and updated every three years. Organisations are also required to
publish a summary of their action plan to reduce carbon emissions for the three-year period. French
reporting guidelines require organisations to use national emission factors for electricity use. Since
October 2013, all transport providers (public transport as well as car rental, flights or freight) have also
been required to provide information to their customers on the amount of CO2 emitted for their journey.

Co2 emissions for certain journeys (2015 values)

french observatory for energy and environment in transport

CARBON EMISSIONS REPORTING FOR PUBLIC TRANSPORT OPERATORS IN FRANCE

This is an article from the French Environment and Energy Management Agency, ADEME
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ऊजा और प रसंपि त बंधन:
सु वधा बंधन अनकलन
क
ु ू
दशा म सह तालमेल
ी गे यल हरटे डो ग जालेज

सु वधाओं म ऊजा

एक नई द ु नया म

बंधन मौ लक संरचना मक प रवतन क
वेश कर रहा है , जो क नई

ौ यो ग कय

और मह वाकां ी ऊजा बचत के ल य पर टक है । इस नई
विृ त त य यह है क इस

क

े

म पेशव
े र को अपनी संपि त

व वसनीयता पर कोई समझौता कए बना अपनी

प रयोजनाओं म ऊजा द ता

ा त करने के लए आव यक है ।

यह लेख एक प रसंपि त-सह-ऊजा

बंधन के नज रए से सु वधा

अनकलन
के समाधान पर एक नज़र डालता है ।
ु ू
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बंधन: सुिवधा बंधन अनुकूलन क दशा म सही तालमेल

बंधक द ता और प रसंपि तय के

व वसनीयता,

साथ ह

बंधन क

नमाण काय म बचत म

w मह वपण
ू संपि त का उपयोगी जीवन का व तार:
सभी उपकरण एक पव
ू नधा रत प रचालन जीवन

सधार
करने के लए नरं तर दबाव म ह। इस बीच,
ु
ऊजा

बंधन पेशव
े र

रणनी तय के पीछे
दशन ल य को

यापक रणनी तय और उन
ौ यो ग कय के

त उनके

ा त करने के लए उनक

नगाह

चार ओर है ।

ऊजा और प रसंपि

सु वधा

ै े भावी सचक
याशा के साथ न मत हो रहे ह। (जस
ू
या

त

याशील रखरखाव के

प म) के रखरखाव के

काय म को लागू उपकरण के उपयोगी जीवन को कम
नह ं कर सकते ह। इस उपकरण के

त थापन और

अ नधा रत रखरखाव क लागत म व ृ

करने के लए

नेत ृ व कर सकते ह। रखरखाव काय म संपि त

नगरानी के मा यम से लागत बचत बनाए रखने
के लए, जब क उपकरण के प रचालन जीवन का
व तार कंप नय के लए स म है । सॉ टवेयर
एना ल ट स क दानेदार संपि त

तर के डट
े ा का

उपयोग सु वधाओं के भीतर सभी पर पकड बना
कर उपयोग एना ल ट स ट म समी ा म मदद

क लागत बचत बनाए रखने के लए, जब क उपकरण
के प रचालन जीवन का व तार कंप नय के लए
स म है ।
w भावी सचक
रखरखाव रणनी तयॉ:ं रएि टव या भावी
ू
सचक
रखरखाव रणनी तयां पव
ं राल पर
ू
ू नधा रत अत
रखरखाव पर भरोसा करते ह। भावी सचक
रखरखाव
ू
काय म सम

रखरखाव क लागत का एक मह वपण
ू

मलेगी और नई रणनी त वा त वक समय म

अनपात
म प रणाम कर सकते ह।
ु

यापार और सु वधा दोन के संचालन को

w समथन डट
े ा पर आधा रत सु वधा

अ धकतम तथा पनराव
ु
ृ त करने के लए।

बंधन रणनी त:

सॉ टवेयर एना ल ट स क दानेदार संपि त
डट
े ा का उपयोग

तर के

ासं गक सु वधाओं के भीतर सभी पर

पकड बना कर उपयोग एना ल ट स ट म क समी ा
म मदद मलेगी और नई रणनी त वा त वक समय म

प रसंपि त

बंधन रणनी त

प रसंपि त

बंधन डट
े ा पर ह आधा रत रणनी तय का

उपयोग करने क सु वधा

बंधक को स म बनात है :

यापार और सु वधा दोन के संचालन को अ धकतम
करने के पनराव
ु
ृ त करने के लए होगी। ये समाधान
यवसाय के उ पाद क गणव
ता,
ु

ाहक सेवा म
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यवहार क लगातार नगरानी के मा यम से हा सल

बंधन: सुिवधा बंधन अनुकूलन क दशा म सही तालमेल
ऊजा और प रसंपि

सधार
के लए और भी उपकरण से संबं धत लागत को
ु
कम करने के लए अनम
ु त दे ते ह।

ऊजा

बंधन रणनी त

ऊजा

बंधन रणनी त म न न ल खत शा मल है :

w नगरानी और ल य नधारण: HH मीटर के साथ

एक चु त और ग तशील यापार बाजार म उतार
चढ़ाव और

ाहक क ज रत का ज द से जवाब

दे सकते ह। इस

कार, ऊजा खर द रणनी त

ऊजा यय का नयं ण लेने क कंु जी है । यवसाय
नि चत और लचीले खर द

ि टकोण के बीच

चयन कर सकते ह। जब क बाद वाला आम तौर
पर अ पाव ध म पसंद कया जाता है तथा पव
ू
वाला एक लंबी अव ध के आधार पर आदश है ।

एक पण
ै ाइश क रणनी त के काया वयन म
ू पम
संभा वत ड ी / दन डट
े ा के खलाफ ऊजा क खपत
ोफाइल क

नगरानी क अनम
ु त होगी।

बजल ,

पानी और गैस मीटर, उप मीटर और बीएमएस से
आधा घंटा / दन + 1 क खपत के बारे म जानकार
ले रह है ।
w अनपालन
एवं परामश: आमतौर पर एक ऊजा
ु
बंधन रणनी त को लागू करने के लए पहला कदम
एक पव
ू शत ऊजा और काबन लेखा पर

ा, जो एक

व तत
ृ रपोट है क सभी संभा वत प रयोजनाओं और
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आ थक व लेषण

दान करता है । ऊजा परामश एक

नरं तर आधार है और समय के साथ लागत द ता म
सधार
को
ु

ै क करना एक

या के

प म माना

जाता है ।

होगी। उदाहरण के लए, च क सा और दवा कंप नय
के प रसंपि त संवेदनशील जा रहा है , जब क दरसं
ू चार
यवसाय ऊजा गहन माना जाता है । एक ससं
ु गत ऊजा
और प रसंपि त

बंधन रणनी त है क एक आदे श

कभी बदलते बाजार के लए सबसे अ छा तर का संभव

w ऊजा अ ध ाि त: एक चु त और ग तशील यापार
बाजार म उतार चढ़ाव और

ाहक क ज रत को

ज द से जवाब दे सकते ह। इस

कार, एक ऊजा

म अनकलन
करने म कारक है ।
ु ू
मख
ु

ो साहन सु वधा

बंधक को एक यापक

सु वधा अनकलन
काय म म अपनी ऊजा
ु ू

बंधन

खर द रणनी त कंु जी जब ऊजा यय का नयं ण लेने

रणनी त को एक कत
ृ करने के लए, जब क एक ह

के लए लग रह है । आदे श म इन उतार-चढ़ाव के लए

समय म प रसंपि त

अनकल
ु ू करने के लए, यवसाय के लए एक नि चत

को अ धकतम यापक ऊजा और काबन बचत को

और एक लचीला खर द

ि टकोण के बीच चयन कर

बंधन काय म पर उनके

भाव

बंधन: सुिवधा बंधन अनुकूलन क दशा म सही तालमेल

बंधन रणनी त सारांश भी एक पण
ू तकनीक -

ऊजा और प रसंपि

ऊजा

ा त करने क संभावना है । यह केवल एक यापक

सकते ह। आम तौर पर, पव
ू आम तौर पर अ पाव ध

और स

म पसंद कया जाता है , जब क बाद एक द घका लक

प रणाम नह ं होगा, ले कन सबसे मह वपण
ू बात, सभी

आधार पर आदश है ।

प रसंपि तय भर ROIs क

य ऊजा और प रसंपि त

बंधन रणनी त म

नगरानी के लए स म

होगा, साथ ह सु वधाओं के कमचा रय और व र ठ

बंधन

के वकास पर

यान क त करने के लए ।

रणनी त है क एक आदे श कभी बदलते बाजार के
लए सबसे अ छा तर का संभव म अनकलन
ु ू
करने म कारक है । जब क प रसंपि त
काय म पर उनके

बंधन

भाव को अ धकतम यापक

ऊजा और काबन बचत को

य ऊजा

बंधन रणनी त पर नतीजा होगा।

इसके अलावा, यह भी सभी प रसंपि तय भर
ROIs क

नगरानी के लए स म होगा, साथ ह

सु वधाओं के कमचा रय और व र ठ
अनम
ु त परू तरह से उ च
वकास पर

ी गे यल हरटे डो ग जालेज
ं ी फै स ल टज म
वतमान म वस
ऊजा

बंधक के

प म कायरत

ा त करने क

संभावना के लए एक यापक और स
और प रसंपि त

लेखक -

बंधन क

भाव समाधान के

यान क त करने के लए।

ऊपर रणनी तय और समाधान के

येक हर वशष
े

प से उ योग के लए वचार करने क आव यकता

ह द अनवाद
–
ु
ी

द प गु ता

अपर महा बंधक
तथा उपा य , सीम ्
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